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(Continued from page 7.) 


In compound engines with a receiver 
there arise two independent causes of loss, 
as the steam passes from one cylinder to 
the other. In the first place, the forward 
pressure in the large cylinder is less than 
the backward pressure in the small, on ac- 
count of the resistance of the passages, ete. 
This loss‘ean be more conveniently allowed 
for in practice than calculated theoretically, 
and has accordingly been neglected in the 
diagrams. 

The second loss arises whenever the final 
pressure in the small cylinder is less than 


the pressure in the receiver at that time. | 


Let a volume of steam contained in the 
high-pressure cylinder at the end of the 


B £ 





L Pi 


or. | | A 
O “is A 
stroke be represented by F K. When the 
exhaust takes place, let the pressure O F 
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be reduced toO C. Then C D will be the 
back pressure in A, and the forward in C ; 
and the work done in A wiil be the area 
BL. If the steam had been gradully ex- 
panded to the volume C D the work done 
would have been the area B D. The work 
done in the low-pressure cylinder would 
have been the same in each case; con- 
sequently K L D, the difference of these 
two areas, will under the first conditions be 
a loss, which may be termed a loss from 
sudden expansion. 

The accurate value of K Lean be found 
from the previous formule, but an approxi- 
mate result will be obtained by considering 
it as the difference between the final pres- 
sure in A and the forward pressure at the 
point of cut-off inC. If K D be taken as 
a straight line, the loss becomes 


1 CP¢C 1 A 
PECL-IG-4 
The area of the whole figure, or possible 
work of both engines, is 
— (1 + log r). 


The proportion of loss to possible work is 


Cc 1 A 
G-IG-oa) 
2 (1+ log r) 

The percentage of this loss is given in 
the table at the end of this article for dif- 
ferent proportions of cylinders and values 
of g. The results were obtained by actual 
measurement of the diagrams. 
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It will be noticed that when g = <2 the 


loss vanishes ; the back pressure is then the 
same as the forward in A, and consequently 
no drop occurs. Figs. 10 and 12 corres- 
pond to this condition. 

It will be seen from the tables that the 
loss may reach as much as 25 per cent., 
and that in actual practice with the late 
cut-off usually adopted it would range from 
5 to 10 per cent. 

The work thus lost will not of course be 
dissipated ; it will remain as heat in the 
receiver, will superheat the steam there, 
and prevent its liquefaction in the low- 
pressure cylinder. This may account for 
the fact that compound engines do some- 
times work at high rates of expansion 
without jacketing and without experiencing 
much trouble from condensation in the 
cylinders. But at the same time it is 
highly improbable that all the work lost 
is utilized in this way, and certainly 
with jacketed engines it would be un- 
necessary. 

If the only point to be considered were 
the economy of the steam, it would seem 
desirable to employ that ratio of cut-off 
which, as in Figs. 10 and 12, obviates this 





Fig. 10. 
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loss. But it is also important for the 
efficiency of the engine that the work done 





in the two cylinders should be divided in 
come fixed proportion. It is generally con- 
sidered that the best results are attained 
when this proportion is unity. 
Fig. 11. 
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It is obvious that the values of g, which 
insure no loss by sudden expansion, will 
not in general divide the work evenly. 
This disproportion of work is absurdly 
evident in Fig. 12. But, if required, a 
proportion of cylinders can easily be found 
which will satisfy both conditions. 

Let c 

A 


Then the expansion in 


rn 


. 
i=, 


and when there is no drop 
qe. 
The back pressure 
— Pq 
: 


“ss 
= r . 
The work done in the high-pressure cylin- 
der 
i 
1+ log a ) 
Sy 4 eg Ps 
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The total work 
* 
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If the work has to be twice that devel- 
oped in each cylinder, we have by reduc- 
tion 

log. oot —* 

(The logarithms used are in every case 
hyperbolic. ) 

So also in the same way we can obtain a 
proportion of cylinders which shall give no 
loss by expansion, and which shall divide 
the work in any required proportion. 

To obtain these results geometrically, it 
is only necessary to construct the curve of 
total expansion, where O A (on the pre- 
ceding page) represents as usual the volume 
of the large cylinder, and to draw any line 
C D dividing the figure into —. areas in 
Then— O8 
resent both the proportion of the cylinders 
and the value of g. But this result will 
not be strictly correct, as it makes nv allow- 
ance for the loss in the large cylinder by im- 
perfect vacuum and by resistance, etc., be- 
tween the engines, so that the line 0 A 
must be replaced by O' A’, where O O’ rep- 
resents the probable sum of these losses. 
So, too, in the algebraical method the exact 
formula becomes 


the required proportion. * will rep- 


_ i r—l pr 
ee <F 
where 
p = loss in pounds per square inch. 


When the ratio of the cylinders has been 
decided, a value of g can be found by the 
same method which will divide the work in 
any required. proportion, but this value of ¢ 
may or may not entail a large loss by sud- 
den expansion. It is a more difficult mat- 
ter to decide satisfactorily upon what is the 
best proportion to divide the work. In 
practice the horse power of the low-pressure 
engine is generally only about two-thirds of 
that in the high, while at the same time it 
is usually admitted that they should be 
about equal; but even for the latter state- 
ment there seems no valid argument. There 
are two points to be considered: First, to 
reduce the maximum strain on the moving 
parts separately associated to each engine 
—viz., the piston and rods, crosshead, ete. ; 
and secondly to maintain the twisting mo- 
ment on the shafting as uniform as possible. 
The first condition will evidently be satis- 
fied when the maximum, or what is gener- 





ally the same thing, initial pressure is equal 
in each engine. 

If the point of cut-off were the same in 
each cylinder this would occur when the 
work was evenly divided; but this is rarely 
the case, and when otherwise, the cylinder, 
which has the greater ratio ‘of expausion, 
should develup the less power. 


Fig. 12. 











10) A 
C=4A r=6 


q=4 


Equating the initial pressures, we have 
when g is greater than 2, by formula lt, 
neglecting the small term /' A: 


‘on a4 “2, a. 
A led -Cp=a(P - ‘) 
B+ AL r 
z 
when q is less than 2 


> | 
o(* q -p)=a(P-*"). 
r r 


In these equations, ¢ is the only unknown, 
and can consequently be readily determined. 


| If g be found to be a little more or less than 


2, the first equation will give the more trust- 
worthy result, as the second is only approx- 
imate, and always gives a value slightly in 
excess. 


If p be taken as — we find, 


where 7 = 12, and 
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2 ce & —ae 2, respectively, 
qbecomes1.8 . . 3 .. 4.6, 


where 7 = 6, 
q becomes 1.5 is. « & 


It may be seen from the table at the end 
of the article that the distribution of norse- 
power between the two engines is almost 
entirely independent of the ratio of the cy- 
linders. That for a given value of q the 
work done in the high-pressure cylinder 
will be almost exactly the same, whether 
that cylinder be a half or a quarter the 
volume of the low-pressure one. But the 


aalaiey a : P 
initial strain in A is A (2 = =) and va- 
ries, for the same work done, directly as A. 


Therefore the smaller the volume of A the 
less is the initial strain, assuming as be- 


. C ‘ 
fore that A is greater than = In a pair 


of simple engines of the same total horse- 
power and ratio of expansion, the volume 


of each cylinder will be A and the initial 


strain aS This will always be greater 
than the corresponding effort in the small 
cylinder of the compound engine if that 
smail cylinder be more than half the vol- 
ume of the large. 

We come now to the determination of the 
conditions which shall give the most uni- 
form crank effort, and this determination, 
though perhaps more important, is at the 
same time more complicated.* 

The method generally adopted to obtain 
the moment in the crank-shaft is illustrated 
in Figs. 13 and 14. The horizontal line A 
B, which represents the path of the crank- 
pin, is divided into equal distances, and the 
product of the pressures at corresponding 
positions of the piston and the sines of 
the angles passed through by the crank 
are set up as ordinates. If the connecting 
rod be infinite, these ordinates will be 
the twisting moments in the shaft. As 
one engine is 90 deg. in advance of the 
other, the curve D K B of one engine must 
start from the middle point of the curve 
AFC of the other. The sum of the ordi- 
nates at the same points will give the com- 
bined curve FSKL. The more nearly the 
greatest ordinate approaches the mean line 





* The subject of crank effort is dealt with very exhaustively 
by M. Armengaud, in his “Traite Theorique et Pratique des 
Moteurs a Vapeur.”’ 





MN, the more uniform will be the motion, 
The best result will evidently be given. 
not necessarily when the work is the 
same in each engine, but when the 
greatest ordinate KO equals the greatest 
ordinate LT. If the cut-off in each 
engine were the same, this would be equiv- 
alent to equating the horse power; but if 
otherwise, the engine which has the earlier 
cut-off should also develop less power. This 
is exemplified in Figs. 13 and 14. The up- 
per one corresponds to the case when r=12, 
“ =2, @=2; the work done is in the pro- 
portion of 11 in the high-pressure to 10 in 
the low; the greatest moment is more than 
twice the mean. It is plain that the work 
done in the low pressure should be very 
much increased relatively to the high. 

In the lower figure r = 6, 7 = q =2. 
The low pressure area is nearly twice as 
great as that of the high, but the greatest 
moment in this case is only 1.2 times the 
mean. 

The table at the erd of this article gives 
the value of the ratio of the greatest to the 
mean ordinate for various proportions of 
cylinders. The ordinates were calculated 
for every 10 deg. of the crank circle, and on 
the assumption that the connecting rod was 
infinite. Although the results given will 
consequently be too small in each case, they 
will still hold for the purposes of compari- 
son. On examining the table, it will be ad- 
mitted that it is of the utmost importance 
to have some idea, before designing the 
shafting of an engine, of the ratio of the 
maximum twisting moment to the mean. 
Although under the most favorable circum- 
stances this ratio may be brought very 
closely to unity, yet with proportions of cyl- 
inders and points of cut-off not unfrequent- 
ly employed, a stress may be thrown on the 
shafting of more than half as great again as 
the mean intensity, and not impossibly of 
more than twice that mean. This is of the 
more importance when we remember that 
the formule for strength of propeller shaft- 
ing in general use allow for very little more 
than the mean twisting moment. 

It is impossible to lay down any fixed 
proportion in which to divide the work be- 
tween the two engines so as to obtain the 
most uniform crank effort; the proportion 
will vary for every different ratio of the cyl- 
inders themselves and for every degree of 
total expansion. But by the following con- 
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siderations it is possible to find a value of ¢ 
in terms of the other known quantities, 
which will accomplish the desired result. 
In every half circle of the crank there are 
always two poiuts of maximum torsion, one 
corresponding to the greatest ordinate in 
the low-pressure curve, the other to that in 
the high-pressure curve. These points will 


z 


Fia. 18. 











be K and L in the figure, and it is clear that 
the ratio of the maximum to mean stress is 
least when these ordinates are equal. As 
the combined ordinates are derived partly 
from each engine, any expression involving 
them becomes very complicated. But an 


equating the greatest ordinate due to each 
curve singly. In the high-pressure engine 
the greatest twisting moment occurs either 
at the point of cut-off or at half-stroke, ac- 
cording as this cut-off takes place before or 
after half stroke. 

In the low-pressure engine, if the cut-off 
occurs after half-stroke, the general expres- 
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sion for the twisting moment will be by for- 
mula (14). 
2 
cP (B+r A) + = 
: sin @. 





i—sin@a 
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vers #7 


a> oF 








approximate result may be obtained by 


By the differential calculus, this will 
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be found to have a maximum value, | 
when 
Cc 

IB+C+A° 

Substituting this value of 0, and equat- 
ing to the greatest moment in the high- 
pressure engine, a value of gis obtained. 
Let ¢, be the ratio of expansion in the high- 


cos § = 


pressure cylinder, @ the angle passed 
through by that crank. Then 
Ga/a, — 1 
detent Yo! 
e Fi 
and neglecting the small term /’ A, 
A § P a? 2V'4, ~1 
¢ r J qi 
cP Sq B+C sin A 
, Cvers@ , , 1—vsit A ~Osind 


54s bh 

. 2 5 

When ¢ is less than 2, the greatest twist- 

Ing moment will occur in general, and 

always approximately, at the middle of the 

stroke ; the right-hand side of the equa- 
tion then becomes 


Pq 
o(P-») 
= 
When the connecting rod is not con- 
sidered infinite, let b be its length, a that of 
the crank, y the angle the connecting-rod 
at any moment makes with the direction of 
motion of the piston 
sinw a 
sing = 


Then " 
and the twisting moment = pressure on 
; a sin (6 -+ w) 
the piston K —— , 
I + eee 

must be modified accordingly. 

The results in the table were calculated 
for an infinite connecting-rod neglecting 
the loss between the cylinders, and allow- 


and the formule 


; y ‘ 
ing — 5 as the back pressure in the large 
cylinder due to an imperfeet vacuum. 

With the same assumptions we obtain 
from the formulz that, 


where 7 = 12 and 


Cc 
< . . . . . . . 3 . * ’ 
qbecomes 25... 3.19 > « 8.3, 
where r = 6, 
precmm., 293 4. « 2B 2. ss ® 


These values will be found to agree with 





those ind.cated by the table, and are a 


proof that the formula is sufficiently ap- 
proximate for practical purposes. They do 
not differ very materially from those which 
give the least straining action on the pis- 
ton, but in some cases they may invilve 
a considerable loss by sudden expansion. 
In general, however, a ratio of cylinders 
may be found for any required total expan- 
sion which will fairly satisfy all three con- 
‘ 


fe 
ditions. As for example, . 3 when 7= 


Cc 
12, and = 2 when r= 6. It may bo 


noticed that when the expansion is high and 
the cylinders not widely different in size, 
the value of 7 to obtain the most uniform 
erank effort and least strain on the piston 
will involve a back pressure greater than 
the forward at the end of the high-pressure 
y 
” 


stroke. Such a case occurs when - 


and 7 == 12, and it may be doubted wheth- 
er, even with those proportions, a uniform 
crank effort should not be attained, although 
one engine would have to drag the other 
for part of the stroke. 

In conclusion, we have, in designing the 
arrangements of a compound engine, to at- 
tend to the following considerations :-— 
When the horse-power to be developed, 
and the total ratio of expansion to be em- 
ployed are settled, the size of the large 
cylinder is also known. In determining 
the ratio of the large tu the small cylinder, 
it is to be remembered that the greater 
that ratio the less is the total weight, prime 
cost, and space occupied, and the less also 
is the maximum strain on the piston, cross- 
head, ete. In determining the cut-off in 
the large cylinder there are three points to 
be considered : The loss of work by sudden 

1 


, ‘ " C 
expansion, which disappears when g ==, and 
a 


is smaller as this value js approached ; the 
least strain on the piston; and the most 
uniform crank effort. The values of q to 
obtain the best results in each of these 
directions can be readily obtained from the 
formule given in the article, but as in 
general these values will not coincide, a 
compromise must be made, according to the 
wishes cf the designer. 

It will in many cases be necessary to 
fit an exp»nsion-valve to the low-pressure 
cylinder, but we shall then have: in our 
power the means of adjusting the work de- 
veloped, in any ratio required between the 
two cylinders when working at any degree 
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of total expansion. It would seem desira- 
ble under these circumstances to supply 
those who are to control the engines with 
a table showing the cut-off in the low 
pressure cylinder which will best suit the 
various grades of expansion in the high. | 

To compare the general results of a com- | 
pound engine with a receiver with those 
given by a pair of simple engines, it will 
be seen that the former has to labor from 
an unavoidable loss by resistance of pas- | 
sages between the cylinders, and in many | 


TOTAL EXPANSION, 12, 


Ratio Cut-off 





-exses from a loss (which, however, may be 


avoided) from sudden expansion. That the 
room occupied is greater, and that the 
whole weight of the small cylinder is extra. 
But, on the other hand, the maximum 
strain on the piston will be less, and con- 
sequently the framing and moving parts 
may be lighter. The crank effort will, if 
well arranged, be more uniform, though, if 
no care be bestowed upon the division of 
work, it may very possibly be even worse 
than in a simple engine. 


| TOTAL EXPANSION, 6. 





° } ° 1) ° | ‘ 
Percentage Ratio of work Maximum to|; Percentage | Ratio of work Ratio 


of | large 0 } in A, mean | of in A, of 
eylinder.| cylinder. loss of work. | to work in C. | crank effort. |} loss. | to work in C, | crank effort. 





Simple engines. 


| 
| 








4 | 1 22.6 4.0 
e 3 3/2 | 14 1.57 
4 2 | 9 1 44 
4 | 2 | 5 68 
* 4 3 2.5 58 
4 4 0 39 
3 1 15 36 
3 8/2 6 1.63 
3 2 3.5 1.09 
3 2 2.5 9 
3 é 0 62 
2% 1 7.5 3.3 
244 3/2 5 1,64 
213 2 1 1.0 
21 2 5 9 
21 3 0 .57 
2 1 6 3.2 
2. | 3/2 | 5 1.6 
2 - I 0 1.1 














1.75 } 1.55 
1.74 | 26.0 1.7 3.3 
1.57 | 13.3 x3 1,22 
1.4 | 10.0 BS . 1.26 
1.25 | 5.0 .32 1.5 
1.38 | 1.6 18 me Y 
1.6 | €.0 098 20 
1,94 | 16 3.7 1.33 
1,72 HI 76 10 1,17 
151 4.0 63 1.33 
1 al 1.6 18 1,39 
1.2 00 | 27 1 55 
1.98 12 1,76 1.6 
1.68 5.0 .83 1.27 
1.58 # 62 1 21 
1.56 8 52 1.33 
1.49 | 0.0 .32 1 39 
2.42 | 76 1.9 1.73 
217 1.8 9 142 
2.06 0.0 57 1,21 








It may be urged against the conclusions 
of this paper, and more especially against 
the numerical results, that they are essen- 
tially but approximate, and in some cases 
involve assumptions which may require 
modification in practice. But at the same 


time we think the errors induced in this 
way will not be very large; and that the 
true solution of the problem—viz., of the 


conditions of maximum efficiency of a com- 


pound engine—muat lie in the direction in 


' which we have endeavored to trace it out. 








THE IRONWORKS OF THE PHARAOHS. 
By CHAS. W. VINCENT. 
From “Iron.” 


Copper and its alloys were held in high | by iron was gradual, and in this country 
favor with the earliest civilized nations of , did not take place for many centuries, per- 
the world long after the discovery of iron, | haps decades, after its introduction and 
and even after it began to be really utilized | general use in the East—the birthplace of 
—of this there can be no doubt. The bronze | material civilization, as well as the starting- 
age in every part of the old world preceded | point from whence has swept over the 
the iron age. The change was not how- | world, as with a mighty wave, those aspira- 
ever, a rapid one ; the replacement of copper | tions for better and more lofty things, from 
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which will proceed all that is moral, intel- 
lectual, or noble in man as he now is, in 
whatever part of the globe, or under what- 
ever conditions of life, he may be. 

I think, however, that we are apt to date 
the use of iron at too late a period ; we are 
too ready to take the tardy civilization of 
the north of Europe as being the origin of 
all our present knowledge, and to ignore 
the fact that in the East and South were na- 
tions possessing, thousands of years before 
that time, an intellectual vigor, it may be, 
even in excess of the average of our age. 
The comparative endurance of the metals 
iron and copper may also have helped this 
mistake. As soon as it came into general 
use iron would be much less costly than 
copper, and, consequently, would not be 
preserved with so much care, so that, being 
very readily oxidizable, few implements or 
Weapons can remain to us, except where 
they have been kept from access of air. 
Hence the comparative abundance of copper 
and bronze articles, and the paucity of iron, 
may have been much misconstrued. Stone 
chisels, tools for wood cutting of all kinds, 
knives, etc., were made of an alloy of cop- 
per and tin. 

On the testimony of Homer, Thrasyllus, 
and others, iron was in use long before the 
Trojan war. Inthe Bible, Tubal Cain is 
named as “ the instructor of every artificer 
in brass and iron;” but, nevertheless, no 
mention is made elsewhere of iron weapons 
or implements till after the exodus. Iron 
rings have also been frequently discovered 
in Egyptian tombs. Moses compares Egypt 
to an iron furnace (Deut. iv. 20), and Job 
speaks of smelting processes (xxviii. 2): 
‘Tron is taken out of the earth, and brass 
is molten out of the stone.” From the 
foregoing it appears, in spite of the argu- 
ments of the difficulty of smelting it, and 
rendering it malleable, adduced against the 
early use of this metal, that it was largely 
in use at a very early period. 

In 1822 Mr. Burton discovered an iron 
mine at Hammami, between the Nile and 
the Red Sea, which had been worked by 
the Egyptians. Kenrick states that in the 
sepulchres of Thebes he has remarked 
butchers sharpening their knives on a round 
bar of metal attached to their aprons. The 
blue coler of the blades, and the distinction 
between the bronze and steel weapons in the 
tomb of Rameses III.; one being painted 
red and the other blue, leaves no doubt 
but that the Egyptians of an early Pharaoh- 





nic age were acquainted with the use of 
iron. 

The minuteness and finish with which 
the hieroglyphics are sculptured on obelisks, 
and other granitic monuments, may also be 
adduced as strong arguments that the 
workmen must have been possessed of steel 
chisels, quite as finely tempered as any we 
at present can manufacture. 

The amount of metallurgical skill the first 
smelters possessed was not very great; 
probably much more pains were bestowed 
on the manipulation of the metal after they 
had obtained it in a crude state, than upon 
getting a fair return from the ore smelted. 
As, in this country at the beginning of the 
present century, the waste heaps at the 
mouth of lead mines were eagerly reworked 
to obtain the lead and silver which our an- 
cestors had failed to extract; so the Egyp- 
tian mines of silver, gold, and iron, may 
probably, ere long, be hunted for, and the 
débris from them prove a treasure trove to 
those who are so fortunate as to hit upon 
them. 

An intimation that something of this 
kind is even now being done was made at a 
recent meeting of the Society of Antiquaries. 
Mr. Hartland described his visit to the 
wells of Moses by the Red Sea, the Wilder- 
ness of Sin, and the monotonous three days’ 
march across the sandy desert, under a 
vertical sun, to the delicious palm-tree 
groves of Wady Gherundel and the defiles 
leading to Sinai. 

An English gentleman, whose name is 
withheld, travelling in these parts, was struck 
with the small blue stones he discovered in 
the dried up watercourses, which in the 
rainy season convey the thousand streams 
that hurry to the sea, and, having the cu- 
riosity, to bring some home, he soon dis- 
covered that they were turquoises of no com- 
mon order. 

This determined him to make further 
researches. Eventually he has built a house 
near the junction of the Wady Kenuch, the 
Wady Mokatteb, or the Written Valley, 
and the Wady Megham. Here, aided by 
the friendly tribes he has taken into his 
pay, he has discovered the old turquoise 
mines of the ancient Egyptians, the rocks 
that they worked for the stones, the very 
tools they used, and their polishing and 
grinding places. 

Being a man of much energy, he has 
brought to bear upon this fortunate discov- 
ery, the advanced knowledge of our times, 
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and he is obtaining aud sending over to this | stones may be sent to some of our skilled 
country some of the finest specimens of | readers of hieroglyphics, since much valua- 
turquoises that exist. ble historical information respecting the 
In such a lonely spot, he naturally has| Egyptian metallurgy may have been by 
not confined his attention to this subject | them preserved for our enlightenment, and 
only, but has traced out the system of forti- | to show how little the mind of civilized 
fications by which the Pharaohs protected) man has really developed during 3,000 
their works and workmen, and, what is | years. 
still more wonderful, has come upon the| In the neighborhood a small temple was 
remains of vast ironworks, so vast indeed, | erected for the use of the workmen, and 
that many thousand people must have been here also was a barrack for the soldiers who 


employed upou them, unless the plant used 
was on quite as grand a scale as that of | 
our largest furnaces in the north of Eng- | 
land. 

These works stand adjacent to the mines, 
on some hills at a place called Surabit-el 
Khadin, and were evidently conducted on the 
Catalan system (in the opinion of their dis- 
coverer). The ore was very imperfectly ex- 
tracted—slag brought over to this-country, 
from the immense heaps that, like moun- 
tains, are piled around, contained as much 
as 53 per cent of iron. 

These works were commenced in very 
early times: each Pharaoh, as he continued 
them, added a large engraved stone, not 
unlike our tomb-stones, to state his work. 
It is to be hoped that rubbings of these 





protected, or kept them in order. 

This district has remained unexplored, 
probably on account of its being quite out 
of the beaten track; and in an unknown 
conntry there is no temptation to stray, 
particularly as the guides and dragomans 
discourage any explorations which may add 
to the risk of the journey. It is, however, 
much to be desired, that now that attention 
is directed to the locality, and moreover, 
since the thorough investigation of its sites 
is likely to prove exceeding profitable, that 
the enterprise and desire for knowledge of 
our scientific explorers may find help from 
the ready hand of some of our commercial 
magnets, and thus, that a past book in the 
world’s history may, by English persever- 
ance, be re-opened. 





ON THE BLOCK SYSTEM OF WORKING RAILWAY TRAFFIC.* 


From “ Telegraphic Journal.” 


The author was afraid that electricians 
would be disappointed at the character of 
the paper which he was about to read, 
and that those of the railway world would 
be affronted at the position which he took 
in assuming to himself the functions of a 
Mentor. Lut, in fact, the railway system 
of this country is as yet far removed from 
the summit of the engineer’s ambition—a 
perfect working machine, though it is cer- 
tainly approaching that point. While the 
carefully prepared statistics of the Board of 
Trade show that the traffic is increasing 
with marvellous rapidity, the average num- 
ber of total accidents is stationary. In the | 





ed was the same, while the proportion to 
the passenger journeys made was one in 31 
millions. We have in these statisties the 
most powerful evidence of improved work- 
ing, and*of the beneficial effect of that pro- 
cess of scientific thought which is the appli- 
cation of the lessons taught by past expe- 
rience to new and different circumstances. 
The reports of the inspecting officers of 
the Board of Trade upon the accidents 
which occur show exactly where the shoe 
ey and favor the application of the 
aw of average in bringing out the defects 
or merits or variations in railway working. 

Dangerous modes of working are frequent- 





three years ending 1849, the average num- ly carried on for long periods without acci- 
ber of passengers killed by causes beyond | dent, but they invariably break down at last. 
their own control was 12, being (roughly) | One railway company may use an imperfect 
one in four million passenger journeys system for many years without accident, 
made. In the year 1871 the number kill-| but if 12 different companies adopt the 
same system, the probability is that before 
many months elapse something will show 
a defect which requires to be cured. The 





a 


*A Paper read before the Society of Telegraph Engineers 
by Mr. W. H. Preece. 
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published reports of the Board of Trade 
furnish experimental data from which a 
pure science of railway working can be 
formed. A careful examination of 138 ac- 
cidents which were reported upon has en- 
abled the author to summarize the causes 
of accidents into four heads. Those due to 
defective permanent way have formed 18 
per cent.; those due to defective rolling 
stock 13 per cent.; those due to defective 
human machinery 41 per ceni.; those due 
to defective signalling arrangements 28 per 
cent. Of these accidents 56 per cent. were 
the effect of collision always preventable. 
Now, the question naturally arises, why 
should there be such a wide difference in 
the safety of trains travelling upon the 
Southern lines as compared with the North- 
ern lines? Is it that the elements of ac- 
cident are more abundant in the latter than 
in the former ; that the traftic is more crowd- 
ed; that there is a greater variation in the 
character of the trains; and that the speed 
ishigher? Or is it that the systems are 
more lax, and that the accommodation is 
more defective ? The author cannot answer 
these questions ; but there is one fact strik- 
ingly evidenced on the Southern lines as 
compared with the Northern lines, namely, 
that upon the Southern lines the block sys- 
tem is carried out in its entirety to a great- 
er extent than upon the northern lines.- Of 
the 16,000 miles of railway in the United 
Kingdom, only about 4,000 are worked 
upon the much talked of block system. 
Now, what is the block system? It is that 
system by which trains are kept apart, 
upon the same line or rails, by a certain 
and inyariable interval of space, instead of 
by an uncertain and variable inferval of 
time. The term “ block” itself is a most 
unfortunate one. It was introduced in the 
early days, through the practice of blocking 
or pinning over the telegraph needle in the 
early instruments used to work this system. 
The “ space system,” in opposition to the 
“time system” would have been far more 
appropriate. The practice under the time 
system is to exhibit the danger signal for 
five minutes, and the caution signal for five 
minutes more, after a train or engine has 
passed any station, junction, level, crossing, 
or siding. Trains are thus kept apart by 
fixed periods of five minutes, and, if the 
caution signal were more properly regard- 
ed, they would be kept apart by an interval 
of time even longer than this. The speed 
ofa train is entirely the responsibility of 





the driver. Immunity from accident is de- 
pendent upon his keeping a clear look-out. 
If engines ran at regular and fixed speeds, 
if the driver could always insure a good 
view before him, and if the signals were 
near together and were properly regarded, 
a rigid interval of time might be maintain- 
ed between following trains. But none of 
these elements of safety are constant. Fast 
expresses fullow slow goods trains, now 
through a thick fog, and then in bright 
sunshine. Trains are so frequent in some 
places that the interval cannot be adhered 
to; obstructions to view arise from curves 
and cuttings and atmospheric causes; long 
lengths of line are unprotected by signals, 
and signals themselves are frequently ne- 
glected. Hence the time system is brimful 
of elements of danger, and the inexorable 
logic of facts has shown that the time in- 
terval is illusory, and the system unsafe. 
When trains are invariably kept apart by 
an interval of one or two miles, col- 
lision between them becomes impossible. 
This is the block system. This system 
has, very improperly, been divided into two 
classes-—the “‘ absolute” block and the “ per- 
missive” block. The absolute block is the 
block system proper. The permissive block 
is nota block system at all, but a system 
introduced by the London and North West- 
ern Railway Company at the suggestion of 
Mr. Edwin Clark, not to secure the safety 
of their trains, but to increase the capacity 
of their line for the transmission of their 
enormous and increasing traffic. It is 
doubtless an improvement on the time sys- 
tem, but it bears little affinity to the block 
system, and should certainly not be included 
in the same category. There isa very broad 
distinction between the block system as an 
abstract principle and the means of carry- 
ing out that principle. We hear of Tyler’s, 
of Walker’s, of Spangaletti’s, of the needle, 
and of other block systems. They are not 
block systems, but simply instruments de- 
vised to carry out the electrical portion of 
the block principle. The carrying out of 
the block system means an entire rearrange- 
ment of the rules and regulations of the 
working traffic, a complete reorganization 
of the signals, the construction of fresh 
siding accommodation, the education of the 
staff, the transference of much responsibility 
from the drivers to the signalmen. More- 
over, the working of the block system is 
not necessarily an electrical question. If 
the sections of the line be very short it can 
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he worked by mechanical or by pneumatic 
agency, and where the sections are long 
and the trains are few it can be worked by 
a staff. On busy occasions, when the trains 
are numerous, it is quite possible to work 
the block by ocular agency, by merely plant- 
ing men within sight ofeach other to regulate 
the trains by flags and other means. 
time system having been proved to be inef- 
ficient, and the block system having been 
shown to be the safer principle, how is it 
that the adoption of the block system in 
this country has been so slow? People as 
a rule are very sceptical of any new inven- 
tion until it has been practically established 
for a long period, and particularly so when 
it is based upon principles which are not 
understood. It took the public a very long 
time to get used to railways, and it took rail- 
way authorities a much longer time to get 
used to the telegraph. Even now the tele- 
graph is looked upon as an expensive aux- 
iliary, bringing in no returns; or, at least, 
this was the case before the transfer to the 
Government. The accidents it has pre- 
vented and the lives it has saved are un- 
known. It is the last thing thought of in 
the construction of a line; it is the very first 
thing flown to in moments of danger and 
difficulty. But its principles are not under- 


stood; and the application of electricity to | 


signalling purposes is still less apprehend- 
ed. On the London and South-Western, 


the first outlay in the construction of the | 


block was £125 per mile. The annual cost 
of maintenance is £60 amile. On the Lon- 
don, Chatham, and Dover, the first cost was 
£174 a mile; the annual maintenance £60 
a mile. Onthe Midland line the annual 
cost is between £30 and £40 a mile on the 
main line between London and Bedford ac- 


cording to returns furnished to the Board of 


Trade, but this sum probably referred only 
to the electrical portion of the system. The 
South-Western figures, probably, more 
nearly represent the total cost of mainte- 
nance. ‘The electrical appliances form but 
a small item of the total cost of the block 
system, the expense being chiefly due to the 
signal boxes, interlocking apparatus, and 
other accessories. But in addition to the 
question of cost which has delayed its 
introduction, there is a certain amount 
of prejudice against its working. It is 
said to introduce delay, and to be objec- 
tionable because it removes the respon- 
sibility from the driver to the signal- 
man. Experience had shown that, under 


The | 





proper regulations, there is not only an 
absence of delay, but absolute expedition 
in working, with the block system, and 
that the capacity of a line for the convey- 
ance of trains is largely increased thereby. 
And, as regards the responsibility of the 
driver, this had, if anything, been increased, 
for the correct working of the block de- 
pends essentially upon the driver paying 
proper regard to the signals. But, in ad- 
dition to this, the block system has in- 
stilled into the driver an amount of confi- 
dence which he never felt before, and 
checked that daring recklessness that was 
at one time so prevalent. Thus prejudice, 
cost, and indifference, have led to the 
neglect of the block system. These ob- 
jections are, however, rapidly dying out, 
and most of our great railway companies 





jare now largely extending the block. In 
jthe external visual signals uniformity 


{should be secured. The author is far from 
j advocating the block system as the cure 
| for every evil. We know well that where 
|we are dependent upon human agency 
| mistakes will arise ; and various defects in 
‘connection with the permanent way and 
| rolling stock might be a cause of accident. 
| But the author contends that a compulsory 
block system would cause other improve- 
ments to follow in its wake. 

| The second paper, on the same subject, 
|was read by Major Mallock. The author 
| was lately ordered by the Government of 
| India to report on the use of the telegraph 
‘in connection with railways in England, 
/and the paper contained some of the results 
| which he had arrived at in pursuance of 
| that order The block system, as used in 
| England, is chiefly applied to double lines, 
}and may be distinguished by the general 
iname of the non-following block, in 
contradistinction to the non-meeting block 
| which is necessary on single lines. There are 
| various methods of carrying out the block 
| system, any one of which, looked at by itself, 
| is apparently perfect, but to choose between 
| them it is necessary to know what is really 
|required. No rules on the subject have 
| been issued by the Board of Trade. There 
are’seven main classes of instruments now 
used with the block system. There are 
| also variations of them, but these all depend 
|on the main classes. ‘There is, first, a 
double needle instrument, combining a 
bell, introduced by Mr. Edwin Clark on the 
London and North-Western Railway, in 
1854 ; second, electro-magnetic semaphores 
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combined with bells, introduced by Mr. 
Preece in 1862 ; third, variations of Clark’s 
needles and bells, introduced by Spangol- 
etti in 1862; fourth, the working of bells 
alone, introduced by Walker on the South- 
Western Railway in 1861 ; fifth, an electro- 
magnetic semaphore combined with bells, 
introduced by Mr. Walker in 1866; sixth, 
two indices combined with a bell, introduced 
by Tyler in 1869; and seventh, a modifica- 
tion, introduced in 1872, of Preece’s origin- 
al intrument of 1866. The first three of 
these instruments are usually called three- 
wire systems, and are worked by a perma- 
nent current. They require one wire for 
each line of rails, pls one wire for the bell. 
The last four are called one-wire systems, 
and are worked by a temporary current. A 
needle instrument of any sort permits of 
talking, and is otherwise dangerous. At 
first sight needle instruments seem so 
cheap and so easy to understand and re- 
pair, that a person not acquainted with the 
subject would be apt to prefer them, but 
there are in connection with them certain 
imperfections and dangers. The theory of 
working them is, that a constant positive 
current kept on the line by the commutator 
being pinned over will show the line 
blocked, whilst a negative current shows 
the line clear, or vice versa. In actual 
practice, however, line clear is only 
signalled on the train arriving, and then 
the needle is allowed to fall to zero, the re- 
sult being that should tke needle be pin- 
ned over, and the line blocked, the needle 
will fall to zero. The theory is that a man 
ought not to consider the line clear unless 
he has had a call on the bell, or the needle 
be put over the line clear until he has an- 
swered. It will be readily seen how easy it 
is in practice, when a man is hurried, for 
him to make a mistake. 

The Board of Trade inspectors have 
expressed their opinion that a talking 
instrument is most necessary, but still it 
is only as an adjunct to the block sys- 
tem. A flash of lightning may reverse 
the magnetism of the needle instrument 
so that it will show “line clear” when it 
is meant that the line is blocked. Of the 
one-wire system there is no use in contem- 
plating Walker’s bell without indices, 
when the introduction of the latter is a 
. great safeguard and not much expense. In 
Tyler’s instruments the workmanship is ex- 
ceedingly good, and they are apparently 
the most sensitive instruments, and calculat- 





ed to work the longest distances. but, like 
needle instruments, they are liable to have 
reverse signals given on them by atmosphe- 
ric electricity. Also the plungers, which 
give the signals “ Line clear’ and “ Train 
on line,” are so much alike that they may 
be mistaken by a man in a hurry. Wal- 
ker’s instrument is strong, but possesses 
somewhat similar disadvantages. In 
Preece’s instrument (worked by a single 
wire) the commutator which charges the 
signals “ Train on line’’ and “ Line clear” 
is a miniature semaphore lever, and there- 
fore there is much less chance of mistake 
than with the other instruments. It also 
admits of interlocking, like Varley’s system. 
In consequence of a recent addition, the 
signal “ Line clear” cannot be given unless 
both sender and receiver are concerned in 


making it, and therefore atmospheric cur- 


rents will cause no mistake. The single 
wire systems are generally used for the 
non-following block; but where there is a 
single line of railway, and the non- 
meeting block is used, the rule is that 
no second train goes into the same sec- 
tion in either direction. In India, how- 
ever, they got into a complication with 
single lines which is not contemplated by 
either of these systems, namely, that the 
line being blocked ahead with trains going 
up, any number may go down it. That is 
the permissive block system. If absolute 
block is to be introduced in India, either 
this plan must be prohibited, or they must 
provide for a non-following block plus a 
non-meeting block. The author proposes 
to do this by two wires :— 


A ; —B—C—D— } E 

Looking upon A and E as two sidings, 
and B, C, D as cabins between them, the 
lower line of the diagram would be a non- 
meeting block, whilst the lines between 
the cabins would be a non-following block. 
The manager of the South-Western Railway 
has said that such a system combined with 
a train register would be perfect. The pa- 
per then gave some particulars of a confe- 
rence of railway managers and others, held 
at Berlin on the Ist of December, 1870, 
with reference to the block system, and 
detailed a series of principles which were 
adopted at that conference. The author 
concluded with a series of twenty-four rules 
which he had deduced from his investiga- 
tions as to the working of the block system 














STRAW-BURNING LOCOMOTIVE. 


109 





in England, and which coincided with the 
spirit of the principles laid down by the 
German conference, but were somewhat 
more comprehensive. The rules so laid 
down by the author consisted of a series of 
affirmations to the following effect :—The 
block system entails no loss of time, but, 
on the contrary, enables a far greater traffic 
to be carried on. It is essential to the safe 
working of a_ line. 
“‘ permissive” block is most dangerous. It 
is of no use to establish a block system 
if the sections are too short for a train go- 
ing at full speed to stop in, or if a slack 
method of working be permitted. Any sta- 
tion at which shunting is or may be carried 
on must be guarded by the block. A private 
code of signals between the men must not 
be allowed. Whatever system of block is 
introduced, a train register is wanted. On 
dangerous sections a train should report 
back its own arrival. Besides block in- 
struments, talking instuments should be 
provided, and these must not be inter- 
posed in circuit with others, but each 
section must work separately. On ex- 
ceptional sections the block instruments 
should interlock with the semaphore levers. 
‘Line clear” should not be signalled back 


until the tail-board of a train is seen, lest: 


The system of the | 





any of the carriages should be left on the 
line. The line staff has proved inopera- 
tive without the assistance of the telegraph. 
Electric repeaters are required. ‘the block 
system is as necessary with light as with 
heavy traffic. Where a bell code is in use, 
a large number of beats is liable to lead to 
confusion. Needle instruments which can 
be used for talking are objectionable as 
block instruments. It should be impossi- 
ble to show “ Line clear,” unless the signal- 
men at both ends are concerned in making 
the signal. Plungers, such as those of Tyer 
and Walker, which may be mistaken in the 
hurry of working, are dangerous. At the 
junction of two lines the block instrument 
should interlock on the principle of Saxby 
and Farmer’s interlocking semaphore levers, 
so that “ Line clear” cannot be telegraphed 
to both sections at the same time. Ex- 
ceedingly simple instruments are desirable. 
The working of the block instrument should 
approximate as much as possible to the 
working of the outside semaphore. A sin- 
gle-wire system, working with a temporary 
current, cannot be considered perfect if 
lightning can reverse the current or demag- 
netize the instrument. The receiver must 
not be able to alter the index of incoming 
signals at his station. 





STRAW-BURNING LOCOMOTIVE. 


From “The Engineer.” 


At the Vienna Exhibition an object of | civilized parts of Europe and of North 
special attention—even thus early—upon | America; but far from being so as respects 


the part of the great wheat-growers of East- 


ern Europe, has been the straw-burning | 


engine of Messrs. Ransomes, Sims, and 
Head, of Ipswich where we have recently 


had the opportunity of examining the con- | 
‘be bought in London for say £4; but, 


struction and seeing the working of this 
engine, which has but very lately been per- 
fected after many months’ study and ex- 
perimental progress. 

We can imagine some of our home read- 
ers sying: What can “a straw-burning 
engine” be, or be for? Is not straw a 
costly product of farm skill, scarce in cer- 
tain seasons, and at all times dear and valu- 
able as food and as bedding for our farm- 
steads, while as fiiel, straw—why, is it not 
proverbially as bad, or worse, than the 
“thorns which crackle under the pot?” 
Quite true all this, of our country, and of 
much of the most densely-peopled and 





vast regions of semi-civilization in three out 
of the four great continents. 

Value is but a relation. A single-barrel- 
led rifle—such as is exported to the wild, 
lone lands of British North America—may 


arrived at Fort Pitt, and in the hands of 
the Hudson’s Bay Company’s trader, it will 
purchase in barter those sables or black fox 
furs worth in London £60 or £80. So also 
is it of straw. There are regions where it is 
so abundant, and where the surrounding cir- 
cumstances and conditions are such, that it 
is practically valueless. Such is the fact 
over those measureless plains of Eastern 
Europe and of far Western North America, 
which year by year pour forth that pro- 
digious mass of wheat which feeds so large 
a proportion of the peoples of Eurepe and 
of the United States. J’rom the confines of 
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Russian-Poland, nearly into the heart of 
Russia, and reaching almost to the Black 
Sea and the Adriatic, and in America ex- 
tending for more than six degrees of lati- 
tude, and from the Sierra Nevada to the 
Pacific, stretch the great wheat-growing 
lands of the world. ‘The inhabitants are 
few in both hemispheres—a sort of agri- 
cultural nomads. ‘The land is ploughed by 
bullocks, or the steam plough, and sown. 
The ocean of grain crop springs long there, 
and ripens almost unseen by human eye. 
The rains have saturated the soil by May 
or early June; dry weather sets in, the 





grain falls and matures in the steaming air: 


and hot sunshine, and by August or Sep- 
tember, if not before, the crope is ripe. 
Then, in Europe, out come the peasant 
laborers again from their dorfs and villages, 
great harvesting encampments are made 
here and there, the locomotive engine and 
the thrashing machine are set to work after 
the reaping machine, and the crop, led often 
for miles by bullock carts, is separated into 
grain and straw. We have no space here 
tor details, interesting though they are, of 
how the grain, by means of bullock trains, 
or long rafts and barges, slowly finds its 
way down many great rivers, or over ill- 
roaded plains, to the great shipping ports of 
the Euxine and the Baltic. ‘he straw is 
made into vast heaps or rude stacks, often 
half amile in length, at each station. There 
is almost no use for it; it is too bulky for 
transport, there are few cattle, except those 
tor draught, and all their wants, with those 
of the peasants—who are too often not 
very much above these in the scale of 
creation—are wholly insufficient for its con- 
sumption. Much of it rots, much is burnt 
to get rid of it, and the ashes left to spread 
and drift with the wind over the land. 
Straw is there a drug—in effect, utterly 
valueless ; not as the straw of Quartermain 
or Tattersall’s yards, nor even as the pre- 
cious sables of Regent street were at Fort 
Pitt, already worth something; but the 
straw here is valueless, absolutely valueless 
—there is no use for it, it cannot be sold. 
In remoter days, when all the work of 
these granaries of the old world was done 
by animal and human labor, there was no 
use for it as fuel— it was burnt merely to 
see an end of it. But with the introduction 
of steam culture and harvesting a change 
came—fuel was to be had for the engines. 
Coal could be had but to a limited extent; 
wood is not to be found often for miles 





upon the plains, and even brushwood is in 
places scarce. The idea of burning the 
straw as fuel to raise steam is not quite 
new. Some years have elapsed since it was 
tried, and not wholly éunsuecessfully in 
Russia, and after a very primitive fashion. 
The wheels next to the fire-box of the loco- 
motive engine were taken off; the ash-pan 
and fire-bars removed; a huge pit was 
sunk in the ground lined roughly with 
brule or stone, if procurable; a sort of flue 
funnel at one side, just the area of the in- 
terior of the fire-box of the engine, which 
was then placed right over this. The pit 
was filled with straw that was set on fire, 
and continually fresh straw was thrown in. 
The fire-box and tubes—-in fact, the whole 
boiler and engine—-became thus only a flue 
prolonged from over this straw furnace. 
Steam was gently kept up, but the waste 
of heat was great, the supply of straw im- 
mense, as was the labor of br.nging that to 
the immovable point where the pit was 
once for all formed; and the exterior of the 
fire-box, indeed the whole engine, became 
so heated as often to be destroyed, and al- 
ways rapidly injured. 

So matters stood until Messrs. Ransomes 
and Co. turned their attention to the prob- 
lem which they have now so completely 
solved, namely, to adapt to the ordinary 
locomotive engine such arrangements as 
should enable it to be worked steadily and 
to its full power with straw fuel, these ar- 
rangements being as simple as possible, as 
alone suited to the rude people who are to 
manage them, involving the least possible 
amount of change or addition to the ordi- 
nary engine—of such a character that the 
engine can be, with a very insignificant 
amount of charge, restored to its condition 
for burning coal, timber, or any other fuel. 
These conditions fulfilled, it is obvious that 
besides the abolition of the waste and tech- 
nical difficulties of the pit-burning method, 
the great advantage would be secured that 
the locomotive now could follow its fuel in 
place of the fuel having to be brought from 
a distance to supply it. This problem, in 
all its conditions, has been most perfectly 
solved by Messrs. Ransomes and Co., and 
by means which are strikingly simple. We 
have examined an eight-horse (nominal) 
locomotive fitted for straw burning, and 
seen the engine for some time at work, ap- 
plied to a dynamometer brake which gave a 
resistance requiring the steady application of 
twenty-horse actual power to overcome it. 


























STRAW-BURNING LOCOMOTIVE. 


111 





The following constitutes the arrange- 
ments to adapt any ordinary engine of this 
class to work with straw fuel. The engine 
is constructed with a fire-box larger thun 
that needed for coal fwel—in this case it is 
one simply 1 ft. donger than that for coal. 
The fire-bars are taken out, end three or 
four light wrought-iron cross bars about 4 in. 
apart supply their place. ‘To the fire-door 
opening of the fire-box a cast iron mouth- 
piece is attached, carrying two or three 
small doors for inspection of the fire, and in 


and close to and beneath these, a pair of 


gathering, or “finger rollers,” placed with 
axes parallel, horizontal, and transver- 
sal, are arranged. ‘These are geared to- 
gether, and can be worked at the slow 
speed needed either by hand, by a winch 
handle, or by a strap and pulley, by the 
engine itself. A flat shoot, or tray, much 
like that of a common chaff-cutting machine, 
extends 4 {t. or 5 ft. outwards trom the 
rollers, in width equal nearly to their 
length, and open on top. Beneath the 
wide grille of bars described as taking the 
place of the tire-bars is an ash-pan, open 
to the front end of the engine; across the 


open mouth of this, and above the level of 


the grille, is a small tube perforated with 
minute holes, which discharge in little 
vertical threads, a small amount of water 
supplied from a pipe led from the ordinary 
feed pump of the engine. ‘This is the en- 
tire apparatus. ‘To start to work the fire- 
box is moderately filled with straw, led 
into it from between the finger rollers. 
This is ignited, and the supply of straw is 
kept up by continuing to turn these rollers by 
hand, drawing in straw, ted into the shoot 
by the stoker, until steam is got up. As 
soon as this occurs the strap pulley 
keeps the finger rollers going, and all 
that is needed is to keep up the supply 
of straw by the shout. Such is the entire 
of the apparatus. The blast pipe in the 
tunnel supplies the draught in the usual 
way. Nothing appears to escape from the 
funnel but a white cloud, chiefly of watery 
vapor. ‘The consumed straw dves not, as 
might be expected, form a dense glassy slag 
of the silica and potass or soda contained in 
it naturally, but falls to the bottom of the 
ash-pan as a dusky flock or wig—-the 
pseudomorphs, so to say, of the straws. 
This is little coherent, and when it accu- 
mulates the grille or ash-box is cleared of it 
by a rake or slice provided to be worked 
from the feeding end of the fire-box. On 





the occasion of our inspection, the boiler 
being full, the water at the temperature of 
the day—probably rather under 50 deg. 
Fahr.—the fire was kindled as described. 
In less than 15 min. steam began to be 
formed, and in about 40 min. was at 40 Ibs. 
to 45 lbs. pressure. The time of getting 
up steam is, in this case, comparatively 
unimportant ; but this rapidity is sufficient 
to prove that straw is a more eilective fuel 
than commonly is supposed. 

The dynamometer brake having been 
adjusted to the resistance due to 20-horse 
power, and the engine being provided with 
a counter, was kept.at work for some time, 
and the general phenomena presented 
noticed. One man was readily able to feed 
in the supply of straw fuel. ‘There was but 
little skill required in this operation, and a 
sufficient uniformity of supply was easily 
maintained. Tbe entire fire-box was kept 
full of a ruddy glowing blaze, and the mass 
of flame was observed completely to fill the 
tubes and to reach the smoke-box. 

One hundred weight (112 Ibs.) of straw 
was then weighed out, and, from the com- 
mencement of its being fed in, was consum- 
ed in about 14 min. This may be consider- 
ed asabout 460 lbs. per hour, or 45°25 lbs. 
per hour per horse-power. Locomotive 
engines of this size and make, not being 
provided with an expensive gear, consume 
of coal probably from 5 lbs. to 5} lbs. per 
hour per horse-power. It would follow, 
therefore, that straw fuel burnt in this way 
is equal to from one-fifth to one-fourth its 
weight of coal. This is not a large result, 
but it is one that proves straw to be a far 
less despicable fuel than it has been report- 
ed or imagined. It is one, too, the use of 
which we think Messrs. Ransomes and Co. 
will yet improve upon, for their experiments 
so far as to the best proportionate supply of 
air to the fire-box, though they have secur- 
ed an excellent practical result, are not end- 
ed, and no doubt can exist that any great 
excess of air must materially reduce the 
efficiency of the boiler with this fuel. It 
should be borne steadily in view, however, 
that the efficiency of straw fuel in this in- 
stince is but a secondary consideration. 
The straw exists in superabundance; it is 
valueless; the primary consideration is so 
to feed and burn it tbat it shall, without 
trouble or skill in management, keep up a 
steady supply of steam in agricultural en- 
gines; and this has been effected. The 
engine, as fitted for straw-burning, can be 
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worked with brushwood, furze, dry leaves, 
heather, bulrushes, reeds, etc. ; and so may 
even find its use in other regions devoid of 
good fuel besides the grain plains of Europe 
or of America, and in the latter country 
may yet be destined to enable culture to be 
introduced into the treeless prairies of the 
North-West of the United States or of 
British America. 

The straw which was used before us was 
of the ordinary dryness of well-saved Eng- 
lish straw at this season; but there can be 
little doubt that that contained, and that all 





straw contains, a considerable proportion of 
hygrometric water; and just as the metal- 
lurgic value of wood is found greatly in- 
creased by baking or drying, so may it here- 
after prove that the drying of the Russian 
straw in some simple form of drying sheds 
heated by straw may, render it a still better 
fuel by causing its combustion to be more 
rapid and at a higher temperature. But 
the first great step has been achieved which 
alone is success. It remains to ascertain 
and to work out what improvements in 
detail may be possible. 





MANUFACTURE OF TRON AND STEEL BY DIRECT PROCESS.* 


From ‘ London Mining Journal,” 


Dr. Siemens commenced his paper by an 
examination into the amoynt of labor and 
the quantity of fuel required for the pro- 
duction of a ton of steel by the old indirect 
operations still practised to a small extent, 
and which comprise the use of blast furnaces, 
puddling, cementing, and crucible steel- 
melting furnaces. He then alluded to the 
Bessemer process, and to the advantage 
which had resulted from the introduction of 
cheap steel due to that process. After 
which he gave a description of the Siemens- 
Martin or Scrap process, and the Siemens 
or Ore process, both of which offer great 
advantages for the manufacture of steel of 
a superior quality at a low cost. Dr. Sie- 
mens then stated, that since 1866 he had 
been engaged in the development of a pro- 
cess for the manufacture of iron and steel 
direct from iron ore, and described the ap- 
paratus which he had from time to time 
designed for attaining this end. 

In the pursuit of this object, Dr. Siemens, 
in the year 1868, constructed at Landore a 
rotative furnece, for the reduction of iron 
ore into sponge, which was attached to an 
open hearth steel-melting furnace, where 


the reduced material was converted into | 





which is formed at a certain stage of the 
process, through the reaction of the oxygen 
of the ore upon the carbon mingled with it. 
By this means, the waste of carbonic oxide, 
which occurs in the blast furnace, is 
avoided. 

As at present constructed, the rotator 
measures 7 ft. diameter by 8 ft. 6 in. in 
length, is mounted upon antifriction ro!lers, 
and is provided with gearing through which 
quick and slow motion can be communicat- 
ed to it at will. 

The rotator is closed by a swinging door 
at one end, is constructed partly of cast and 
partly of wrought iron, and is lined with 
bricks made from calcined bauxite, a min- 
eral peculiarly adapted by its refractory na- 
ture to resist the action of the scoria and 
the high temperature required. Having 
been previously heated, it is then charged 
with about a ton and a half of iron ore, 
with the necessary fluxes, or admixture of 
other ores to form a liquid slag under the 
influence of heat, is thereupon set in motion, 
and, an intense flame being directed into it, 
in order to heat the ore thoroughly, carbon 
for deoxidation is introduced, when the ore 
is on the point of melting. Under these 


steel by its fusion in a bath of cast-iron ;! conditions, the metallic iron is soon precipi- 


now, however, he effects the whole opera- 
tion in the rotative furnace itself. 

This rotative furnace is arranged as a re- 
generative gas furnace, in which air, in- 
tensely heated by means of regenerators, is 
introduced, in order to consume (immedi- 
ately above the charge) the carbonic oxide, 





* Abstract of a paper read by Dr. C. William Siemens, F. R. 8., 
at the meetiug of the Iron and Steel Institute, held in London 
on the 30th April, 1873. 





tated from the multen ore, on which the 
slag is tapped off, and a greater speed of 
motion than before is given to the rotator 
to ball up the iron. A charge of 15 ewt. of 
wrought iron may be thus made in rather 
less than three hours with a consumption 
of 25 ewt. of coal to the ton of metal pro- 
duced, which is about one-half of the weight 
of coal required for making a ton of pig iron 
in a blast furnace. 
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Hitherto Dr. Siemens has confined his 
attention chiefly to the production of steel 


by this process, and in this he has been thor- | 


oughly successful, producing by such means 
a steel of superior quality, equal to crucible 


steel. He is now devoting himself to the | 


production of wrought iron, and an impor- 
tant feature of this process is the purity of 
the metal produced, notwithstanding the 
presence of objectionable matter in the ma- 
terials employed. Thus, although coal con- 
taining on an average 8 per cent. of sulphur 
was used for admixture with the ores under 
treatment, the metal obtained, as was shown 


above .013 per cent. of sulphur, when ores 
free from that impurity were employed, and 
metal made principally from Cleveland ore 
was obtained with at most .176 per cent. of 
phosphorus. 

Samples of both iron and steel, giving 
evidence of the high quality of the metal 
producible, made by Messrs. Vickers & Co., 
Sheffield; the Sample Steel Works, Bir- 
|mingham; and the Landore Steel Com- 
|pany, Swansea. ‘The last-named works, 
|which were established when the scrap 
}and ore processes were in their infancy, 
‘are now producing 1,000 tons of steel per 








by the tables of analyses, did not contain | week. 





RESISTANCE OF IRON TO STRAIN. 
From “ Iron.” 


The following brief summary of the be-| metal. Multiply the pressure per square 
havior of iron under strains may not be de-| inch by the radius of the cylinder, and di- 
void of interest and value : | dide the product by the difference between 

Cast-iron is unsuitable for use as a tie, | the cohesive strength of a square inch rod 
beause its strength is uncertain, and on ac-| of the metal, and the pressure per square 
count of its accommodating itseif, less than | inch, and the result will be the required 
malleable iron, to any cross strain. Malle-| thickness. Cast-iron being most frequently 
able iron allows of considerable torsion,| used in girders, ete., its tranverse strength 
without any great diminution of its direct! is a matter of great moment. Mr. Banks 
strength, but any twist brought on a bar of! rested the ends of square inch bars of cast- 
cast-iron, with a direct strain, is almost sure | iron on supports 3 ft. apart, and then load- 
to result in fracture, long before the whole | ed them with weights at the centre, till 
of its direct strength is called into action. | fracture took place. The results were as 

















In three experiments (two of them being by | follows :— 
Mr. George Rennie), a mean of 8.14 tons,| ; : 
or about 18,000 lbs. per sq. in., broke the — : 
following bars of cast-iron :—Bar, 1} in.| No, | Distance of supports. | Weight. Mean. 
square, broke with a strain of 11.35 tons, mA 8 
or 7.26 tons to the square inch. Bar, } in. | ~~ Pie a 
square (cast horizontally), broke with 1,193 ae ee | i ee 
rn “ : 2 BO cccccccececsecsecves ob 706 

lbs., or 8.52 tons to the square inch. Bar, _— 
4 in. square (cast vertically), broke with} 3 [59 .......... se eeeeeee | 10UB | 

° 8 6G 7 mf Reduced to 36 in. ........ DS ion: 840 
1,218 lbs., or 8.66 tons to the square inch.| 4 {35 <p aio OR 960 | 
As regards the use of cast-iron to resist} 5 | 36 1... ...0..sceeeeeeees | 958 
direct strain, there are some peculiarities;) 6 | 30 .++e.--++se+ eeerees “| 994 | 972 
such as in the manufacture of hydrostatic Average of three others .. | 730 
presses and water-pipes, where it is note-| 8 | 36 ..........00e. seks 864 | = 869 

, *¢ mi 2 | peepee 874 
worthy that, although it might be supposed | ,) |) 347" cache... wep 897 
that the strength of a cylinder, exposed to | . nee 
an internal pressure, is in exact proportion | | 6) 5064 
to its thickness, yet, practically, this is not ie ioet es 
the case; and the thickness has to be in- 








creased in a greater proportion than the ; 
strain. Experiments on the deflection of cast-iron 


The following rule is given, by competent | submited to a transverse strain was, on two 
authority, to compute the thickness of such | specimens of old pig-iron, each 3 ft. in length, 
VoL. IX.—No. 2—8 
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smooth, clean, and regular castings, the 
section of the bars being rectangular, depth, 
0.65 in.; breadth, 1.3 in. ; the supports 35 
in. apart, and the load suspended in the 
middle. The deflections were as follows: 
With 60 lbs. applied, the first bar bent 0.1 
in. ; the second bar, 0.1 in. With 120 lbs., 
the first bar, 0.2 in., the second, 0.203 in. 
With 162 lbs., the first bar 0.265 in., the 
second, 0.275 in. The iron was slightly 
malleable, in a cold state, and yielded easily 
to the file. The fracture, dark grey, and 
with little metallic lustre. It may be taken 
that 162 lbs. is the greatest weight it would 
bear without impairing its elastic force. 
Another trial with Adelphi iron, of the same 
dimensions, showed a deflection of 0.265 in., 
with a weight of 162 lbs. 

Cast-iron may be considered to have its 
elasticity destroyed with about one-third 
the weight that will produce fracture. It 
ought not, therefore, to be loaded, in per- 
manent constructions, to more than this 
amount. ‘That there 1s an element of 
strength in beams subjected to transverse 
strains, arising from the lateral action of the 
fibres or particles on each other, has been 
demonstrated by experiments. They show 
that the neutral axis must be at or above 
the top of the beam, or there must be some 
other cause for the strength of the beam 
when subjected to transverse strain. It 
being proved that the neutral axis is in the 
centre of a rectangular beam, and that its 
position is not sensibly altered by variations 
in the amount of strain applied, it becomes 
evident that if there were no other elements 
of strength than the resistance to direct ex- 
tension and compression, the breaking 
weight, as computed by the well-known 
formula, could be readily obtained. But 
‘ the weight so calculated is practically less 
than half the actual strength of the beam, 
and further experiments show that a large 
proportion of the strength of cast-iron, when 
subjected to transverse strain, is due to the 
lateral action, and that comparison of the 
relative strengths of different forms of sec- 
tions, calculated on the assumption that the 
resistances are constant forces or governed 
by a constant co-efficient, must be entirely 
fallacious. 

The following are the results of experi- 
ments on transverse strength of square and 
round bars of cast-iron of 1 in. sectional 
area. Length of bearing 60 in. :—Square 
bars, broken on their sides, breaking weight, 

27 lbs.; cylindrical bars, breaking weight, 





474 Ibs. ; square bars broken on their angles, 
breaking weight, 449 lbs. 

Square and round bars about 4 in. section- 
al area, bearing 60 in.:—Square bars 
broken on their sides, 4.010 in. area, break- 
ing weight 3,478 lbs.; cylindrical bars, 
4.977 in. area, breaking weight, 4143 lbs. ; 
Ditto, 3.717 in. area, 3132 lbs. Square 
bars broken on their angles, area 4.020 in., 
2988 lbs. Compound sections 48 in. bear- 
ing :— 

Section in form of f, sectional area 2.60, 
breaking weight, 4004 lbs. 

Section in torm of Hf], area 2.59, break- 
ing weight 2569 lbs. 

On computing the above by the theory 
referred to, the apparent resistance sat the 
outer fibre varies from 25,271 lbs. to 53,- 
966 Ibs., while the tensile strength of the 
metal as obtained by experiment on direct 
tension averages only 18,750 lbs. This 
discrepancy and variation will be found to 
arise from the omission of the resistance 
consequent on the molecular disturbance 
accompanying curvature. A due considera- 
tion will show that this resistance is one 
acting in addition to the direct extension 
and compression—that it is evenly distrib- 
uted over the surface, and consequently 
(within the limits of its operation) its poiats 
of action will be at the centres of gravity 
of the half section—that this uniform resist- 
ance is due to the lateral cohesion of the 
adjacent surfaces of the fibres or particles 
and to the elastic reaction which thus 
ensues between the portions of a beam 
irregularly strained—and that it is propor- 
tionate to, and varies with, the irregularity 
of strain between the fibres or particles 
nearest to the neutral axis and those most 
remote. Such are the deductions of Mr. 
Barlow, argued at length by him with 
clearness and logical force. 

In trials on hollow cast-iron columns, 
Mr. Hodgkinson mentions a curious and im- 
portant fact. Some of, the pillars were un- 
intentionally cast with one side thicker than 
the other, and this gave him an opportunity 
of observing if there was any falling off in 
the strength. But it would seem that a 
matter which would appear to destroy all 
confidence in a pillar, does not produce a 
great reduction in its stability. The pro- 
bable reason, he imagines, is this, that from 
some general cause the thin side was always 
the one compressed, and, as cast iron resists 
compression with about six times the force 
that it offers to tension, the pillar seldom 
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gave way by the former, and bore nearly | 
as much as if it had been of equal thickness 
on both sides. 


The following is a table of the breaking 
weight per square inch of solid cast-iron 
columns | in. in diameter :— 








Length of | 
column in 
diameter. 10 11 12 13 | #14 
Breaking | 
weight in 
lbs, per | 
sq in. o | 
section ..| 74,200 | 70,200 | 66,400 | 62,800 | 59,400 








15 16 17 20 30 40 


56,100 | 53,100 | 50,300 | 42,900 | 26,500 | 15,300 























The strength of malleable iron as tested 
by the Admiralty at Woolwich Dockyard, 
in the shape of chain cable, is given as 
under :— 

Old cable 1} in. sq. bars cut into pieces 
2 ft. long; 73 tons 10 ewt. Another trial 
of similar metal, 80 tons. 

Archangel square, 1} in. bars cut into 2 
ft. lengths, piled and rolled into bolts, 71 
tons. 

One and a-half inch old bolts found 
promiscuously, and piled and fagoted by 
hand, 71 tons 10 ewt. 

English bars, 14 in. (full), piled and 
rolled; 86 tons. Ditto 1} in. (bare), 80 
tons. 

The mean of all the trials gave 76 tons 
for the strength of a double bolt of 14 in. 
diameter in the cable form, which corre- 
sponds to about 21} tons per sq. in. 

Now, by the same machine, the mean 
strength of wrought iron per square inch 
was 25 tons; therefore, the strength of iron 
in the cable form is to that of the simple 
bolt in about the ratio of 43 to 50. But 
with stays, the strength would be very 
nearly equal to that of the iron in the sim- 
ple bar form. 

Mr. Telford caused experiments to be 
made'on the direct cohesion of malleable 
iron, the results of which are recorded 
as follows :— 

No. 1. Cylindrical bar of South Wales 
iron: lengths when put in, 2 ft. 2} in.; 
diameter, 13 in. Toru asunder by 43 tons 
11 ewt. 

No. 2. Cylindrical bar of South Wales 
iron: length 2 ft. 23 in.; 1} in. diameter. 
Torn asunder in 34 minutes by 52 tons 15 
ewt. 1 qr. 10 lbs. 

No. 3. Square bar of Staffordshire iron : 
length, 1 ft. 54 in.; and 2 in. square. 
Began to stretch with 12 tons, and broke 
with 15 tons 5 ewt. 3 qrs. 4 lbs. in 93 
minutes. 

No, 4. Square bar of Staffordshire iron: 





length, 1 ft. 72 in. by 1 1-12th inch square. 
Began to stretch with 32 tons, and broke 
with 32 tons 6 ewt. 4 lbs. in 16 minutes. 

No. 5. Square bar of Welsh iron, 1 in. 
square. Stretched } in. with 18 tons, and 
broke with 29 tons, after stretching 2? in. 

No. 6. Bar of Swedish iron, 1 in. square. 
Began to stretch with 17 tuns, and broke 
at a flaw at 29 tons. 

No. 7. Bar of fagoted (from scrap) iron. 
Began to stretch at 16, tons, and bruke at 
29 tons. 

No. 8. Bar of common Staffordshire. 
Began to stretch at 19 tons, and broke at 
31 tons. 

No. 9. Cylindrical bar of common bar 
iron, 2 in. in diameter. Began to stretch 
at 45 tons; fractured and gave way at 100 
tons. 

teduced to 1 in. square, the mean 
strength of the above is 20 tons 5} ewt. 

Mr. Barlow has some very interesting ex- 
periments on record respecting tubular 
bridges and girders. He endeavored to 
ascertain the exact amount of load to which 
a bridge may be subjected without en- 
dangering its safety; or, in other words, to 
determine the fractional strain of its esti- 
mated powers of resistance. They show 
that wrought iron girders of ordinary con- 
struction are not safe when submitted to 
violent disturbances equivalent to vune- 
third the weight that would break them. 
They, however, exhibit wonderful tenacity 
when subjected to the same treatment with 
one-quarter the load, and assuming, there- 
fore, that an iron girder bridge will bear 
with this load twelve million changes with- 
out injury, it is clear it would require 328 
years, at the rate of 100 chang’s per 
day, before its security was affected. It 
would, however, become dangerous tu risk 
a load of one-third the breaking weight 
upon bridges of this description, as, accurd- 
ing to the last experiment made, the beam 
broke with 313,000 changes; or a period 
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of eight years at the same rate as before | nated in a fracture. Wrough iron girders 
would be sufficient to break it. He sup-| are not safe if subjected to a load equal to 
poses it to be more than probable that the | tensile strain of seven tons per square 
beam used might have been injured by the | inch, and are not safe if that strain is sub- 
previous three million changes to which it | jected to alternate changes of taking off the 
had been subjected ; and, assuming this to| load and laying it on again, provided a 
he true, as time is an element, it would | certain amount of vibration is produced by 
then follow that the beam was progressing | that process, and he considers that five tons 
to deterioration, and must of necessity at| of tensile strain on the bottom of girders is 
some time, however remote, have termi-! an ample standard of strength. 





ON RESULTS OF A RECENT INVESTIGATION INTO ANCIENT 
MONUMENTS AND RELICS.* 


From “The Building News.” 


Mr. Phené divided his subject into mon- 
uments illustrative of public rites of sepul- 
ture; of private interment; those for the 
performance of ceremonies ; and those for 
sacrificial worship. His investigations on 
the Earl of Glasgow’s estates enabled him 
to lay before the meeting a plan and sec- 
tions of atumulus, the principal features in 
which were: the general construction of 
the mound; a radial arrangement of the 
tombs; a mixed species of sepulture by the 
same operators, and at a common date,—in 
short, as the result of a single ceremony ; 
and a rude knowledge of mechanical forces, 
judiciously applied. The tumulus is in the 
Great Cumbre, the larger of two islands 
east of the southern end of the Isle of Bute, 
in the Firth of Clyde. The tumulus is at 
the extreme north of the island on which it 
is placed,—a position probably chosen as 
having in an easterly direction from it a 
prominent conical hill, the neighborhood of 
such hills having been customary places for 
interment, and for the exercise of sepul- 
chral and other rites. The construction is 
unusual, and displays labor and intent. The 
original surface soil was of a very dark 
color, and each sepulchre stood on a sepa- 
rate mound of bright sea-sand; each tomb 
was also carpeted with a complete layer of 
fine white quartz pebbles, which time had 
detached from the red sandstone cunglome- 
rate of the coast, and which still abounds 
on the shore of Ayrshire. The mounds of 
sea-sand were almost uniform in extent, 
and of a common level, and appeared to 
have been heaped over their sides all round 
as soon as deposited, having between them 





* A paper read before the Royal Institute of British Archi- 


pe! 
tects by Mr, John S, Phené, 





and over their slopes a thick layer of the 
dark-colored original surface soil, which 
served to retain all in their positions. The 
slope of the mounds was almost that taken 
by sand when heaped up and unmolested 
by other forces—about 32 deg.; and on 
the summit of each heap was placed a red 
sandstone cist, consisting of four stone 
slabs, which in every case retained a true 
vertical position. Tho dimensions of these 
cists were approximate to each other, ex- 
cept in one case; they are of a size com- 
mon to sepulchral chambers of this class, 
which have the characteristic of being 
hardly able to contain a full-sized human 
body, even when doubled up and com- 
pressed. Each cist was covered with a 
slab of the same material, reaching consid- 
erably over the external dimensions of the 
wall slabs, and apparently irregularly 
rubbed or worked so as to discharge rain or 
moisture from the centre towards the edges, 
or else selected from an accidental tendency 
to this form. In one case such economy of 
labor was clearly shown, by the use of a 
water-worn slab for the cover, which pos- 
sessed these general features. These slabs 
were all ina true horizontal position, but 
were so adjusted as not to rest on the ver- 
tical or wall slabs, from which their weight 
was discharged by an arrangement of unce- 
mented masonry which carried them. The 
whole had then been heaped over with a 
third soil, quite distinct from the other two, 
the source of which was displayed by an 
adjoining hollow in similar soil, which on 
measurement was found to correspond very 
nearly with the cubical contents of the 
tumulus, and somewhat resembled it—an 
inverted outline of the one tolerably repre- 
senting the other. The largest and most 
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important cist was in the centre of the tumu- 
lus, and placed nearly due north and 
south. It contained the unburnt, and ap- 
parently uninjured, bones of a man of full 
stature. Due north of this cist was a small 
one, which contained the also unburnt 
and perfect bones of a youth, and a few 
fragments of divers pottery. The pecu- 
liarity of the masonry is its involving prob- 
ably the earlist style of arrangement which 
led to the use of the discharging arch. And 
if we take this as the rudest, and an ex- 
ample of the more finished of the Pictish 
arches in the Orkneys, we shall find their 
almost exact counterparts in Mexico. The 
author said that he had met with similar 
methods of discharging the superincumbent 
weight of the cover from the lateral slabs in 
Argyllshire and in Roxburghshire. As il- 
lustrating private and domestic modes of 
sepulture, in contradistinction to evidently 
public and official ones, Mr. Phené next 
described a small tumulus on Timpendean 
Moor. Observing that some tufts of heather 
rose above the rest in something of a circular 
outline, he had had the vegetation removed, 
when a number of slight mounds, like mole- 
hills, were seen. At about a foot in depth 
these were found resting on blocks of gran- 
ite between two and three feet in length, 
and nearly a foot in breadth and thickness, 
which were found lying as radii; they were 
pointing to a common centre, but at some 
distance from it. Within them was a flat 
area, of an oval form, the external part of 
which was also irregular; an appearance 
which, on removing the soil, was found to 
arise from a number of loose stones in a 
tolerably uniform position, but looking as 
though they had been levelled or fallen down 
from time. The external measurement of 
these in the longest direction was about 
30 ft. across, the perfectly smooth area with- 
in them being about 5 ft. less. Mr. Phené 
had all the soil removed from the latter, 
and found, at about the same depth, a very 
perfect paving of stones, neatly placed, and 
having a smooth upper surface ; these were 
laid upon a light-colored, unwrought soil, 
and from a few inches to nearly 2 ft. below 
that was the rock. On the pavement being 
removed in portions, a dark patch was ob- 
served in the soil, under which was char- 
coal, and beneath that black and decayed 
wood, evidently part of a stake about 4 in. 
in diameter, and penetrating into the earth 
nearly 2 ft. below the underside of the pav- 
ing. 





A careful examination of the still un- 
disturbed pavement showed in several simi- 
lar positions, deficiencies in the stones, 
beneath which were corresponding patches 
of charcoal surmounting the remains of 
decayed oaken stakes, the holes for which, 
in more than one case, had perforated the 
soft rock beneath. These holes were equi- 
distant from each other, and showed an 
uniform measurement from each to the cir- 
cumference of the oval. The Eildon Hills 
lie to the north of this monument, and by 
the side of the post nearest in their 
direction, and a foot under the pavement, 
was found an inverted British urn, about 
10 in. high, filled with burnt human bones 
and charcoal, and the mouth resting on the 
natural rock. At the exactly opposite one 
was found a small whorl, or it might be an 
amulet, as the perforation in the centre was 
small. Nothing else was found here; but 
it would seem that this was a burial beneath 
the domestic hearth, or at least within the 
extent of the house covering. There was 
an assimilation in the arrangement of the 
outer stones to dweilings still seen in the 
most northern of the Hebrides; and it ap- 
peared to the author that the oaken posts 
would have formed the ribs, or rafters, on 
which a thatch would have been fixed, 
the distance across, between the posts, 
being about 20 ft. Similar buildings are 
referred to by Professor Wilson, in his 
“ Prehistoric Annals of Scotland,” as being 
found near Loch Etive, in Argyllshire ; 
but it does not appear that these were 
searched below the circular paved floor 
for sepulchral or other relics, though the 
remains of the oaken stakes were discov- 
ered. Of the class of monuments which 
seemed to be ceremonial, Mr. Vhené de- 
scribed a monument of remarkable dimen- 
sions and design, on the Duke of Argyll’s 
estate near Inverary. The major portion of 
this great monument had been covered 
with a tumulus, the earth forming which 
still remained in large quantities where the 
heavy but disturbed stonework once form- 
ing the covering of the chambers lay strewn 
about, though that more readily reached 
had been spread on the rather thin soil of 
an arable field in which the monument 
stands. The great entrance was obviously 
external, from the pent-house form of the 
large granite slab over the northern cham- 
ber, the section of which is almost in exact 
agreement with that of the large terminal 
stone at the south end of the tumulus. The 
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author said he ealled this the great en- 
trance, as it had in front of it a much nar- 
rower chamber or doorway, against which 
was rolled a huge rounded stone. The 
width of this entrance approximated to 
several openings found in the obstructing 
stone work, which had divided the great 
way into a series of chambers, one of which 
obstructions separated the first and second 
chambers, situated at the northern end of 
the tumulus. At the south end of this se- 
cond chamber there certainly appears to 
have been a permanent barrier, but, on 
excavating down to the foundations, the 
author saw reason to believe that this had 
either merely covered a secret mode of 
transit, or that some alteration had taken 
place at the time of the central and adjoin- 
ing chamber having been broken up, as it 


evidently had been, probably by treasure- | 


searchers. This central chamber was simi- 
larly secured by a solid barrier at the south 


end, though no doubt there was here also a 
concealed channel of communication, which, 
not baving been discovered by the treasure- 
seekers, was probably the cause of the de- 
struction of the side walls of this chamber, 
the east and west walls of it being only 
traceable by the slabs which had formed 
them lying near at hand; and as amongst 
these stones were others which were some- 
what thin, as compared with those agreeing 
with the lateral stones still in position, these 
thinner slabs may have formed a domed 





roof to this chamber, as the position is that 
in which we find the central and domed 
chamber in the three-chambered tumulus, 
opened the same year by Dr. R. Angus 
Smith, in the same county, and which is 
also the position of the domed chambers at 
Lough Crew, and in the Boyne tumuli. In 
conclusion, Mr. Phené glanced at the his- 
torical evidence in favor of sacrificial wor- 
. Ship in Britain. 





MULLER’S ROPE RAILWAY.* 


From the “ Mining Journal.” 


The late enormous demand for minerals 
for iron-making has caused active search to 
be made in districts hitherto unexplored, 
and in many cases valuable discoveries have 
been rendered nugatory by the heavy cost 
incurred in carting the material to the near- 
est railway orshipping port. Ireland, Wales, 
Cornwall, and many parts of Scotland have 
many valuable districts lying unworked for 
want ofa system of this kind, and I trust the 
adoption of this patent will be the means of 
developing these and many other districts. 
The use of a rope for transporting loads ex- 
tends back over a large period of time, and 
has been used to some considerable extent, 
but in a very primitive manner, in Holland, 
India, and Italy. At the present time there 
are three systems in use, all of which have 
been practically applied, and each differing 
from the other in the form of construction. 
The first and most primitive of these systems 
consists of two parallel and tightly-stretched 
ropes, securely anchored at each end, and 
each rope serving as a single line of rail- 
way; on these ropes run roller frames, or 
monkey carriages, the tubs being fastened 
to and suspended from them. To these 





* A paper read before the Iron and Steel Instute by Mr.H. 
M. Morrison. 


| carriages are fastened a light rope, running 


around a pulley at the highest end of the 


| line, the loaded ear descending by its own 
‘gravity on one rope, and pulling up the 
| empty car on the other; this system is used 
' to some extent in France, and in some cases 
| the ropes are stretched across a clear space, 
without supports, of 400 and 500 ft. In 
the year 1870 Mr. Hackney employed this 
system very effectually in removing the soil 
from the excavation at the extension of the 
Landore Siemens’ Steel Works. In this 
case the span was 165 ft.; the speed run 
is about eight miles per hour, and the num- 
ber of wagons sent across daily being about 
300, each carrying from 10 to 12 ewt. of 
soil. The second system is known as 
Hodgson’s, and consists of an endless rope, 
running on rollers, and supported at inter- 
walls by iron or wood posts. The rope is 
driven by a motor fixed at one end of the 
line, the requisite friction for moving the 
rope being obtained by the use of Fowler’s 
clip pulley. At intervals, suspended from 
the rope, are specially constructed boxes, so 
arranged as to maintain the centre of gravity 
immediately under the running rope; the 
full boxes pass along on one side of the line, 
the empty ones returning on the other. The 
third system is Muller’s rope traject, which 
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is the subject of this paper. It has been in- 
vented by Mr. Muller, the director of Sigl’s 
extensive engineering works at Vienna. 
Rope railways, constructed on the principle 
of the two first systems mentioned, require 
as a special condition that the material to be 
transported shall be carried in boxes or tubs 
made suitable either for travelling on or 
being fixed to the ropes; this forms an ex- 
pensive feature in the arrangement, looking 
at the time occupied in loading and unload- 
ing, the risk of breakage (especially in coal), 
the extra cost thus incurred, as well as the 
cost of the additional carrying plant so re- 
quired. In Muller’s system this is obviated, 
as the tubs or trams in use at the coal or 
ironstone mine can be so arranged as to 
pass direct from the mine on to the ropes, 
and so pass to their destination without any 
delay or extra cost in unloading. The sys- 
tem is also admirably adapted to act as a 
feeder, or as a means of communication be- 
tween narrow-gauge railways, whose ter- 
mini are intercepted by precipices, valleys, 
water, ete. The simplicity, cheapness, as 
weil as the capability of rapid construction 
of this tramway render it especially suitable 
for mountain purposes, because expensive 
bridges, tunnels, and heavy earthworks are 
rendered superfluous, as the traject, being 
able to overcome an ascent of one in six, 
can pass over the mountains in a direct line. 
Inundated land and broad lakes can also be 
passed over, and when the depth of the 
latter prevents the fixing of supports in the 
bottom, they could be fastened to anchored 
flats, with spans between each flat of at 
least 400 ft. This rope tramway can be 
used advantageously for factories situate at 
outlying distances from the railway com- 
munication, to transport the raw and finish- 
ed materials to and from the works, as 
suitable cars of any description could be 
arranged to travel on the rope. No system 
is better adapted than this for carrying 
beet-root, sugar, coffee, rice, or any other 
kind of plantation produce. Upon the 
upper ropes of this tramway trees of any 
length can be carried by placing them upon 
notched cross-beams, which drop down 
upon the ramparts after having passed over 
the end pulleys, and the timber remains in a 
secure position, or suitable carriages can be 
arranged to receive them; the carrying 
cross-beams may be returned on the bottom 
line of ropes. Light cord lines constructed 
on this system may be applied to carrying 
letters and parcels at a speed averaging 10 





miles per hour. The traject may also be 
used as a passenger line, and its safety has 
already been proved in actual practice. In 
1870, shortly after the completion of the 
patent, Mr. Sigl erected a short line at 
Vienna, running from his works to the 
village of Wohring; this tramway was 
carried over the fortifications, houses, etc., and 
was used for the transporting of heavy cast- 
ings, bulks of timber, and general plant re- 
quired in the erection of a large mill. It 
was used daily by the workmen as a pas- 
senger line, and without the slightest acci- 
dent. The number of cars passed over it 
was about 60 per hour, each carrying 8 to 
14 cwt. It was critically examined by the 
leading engineers of Vienna, and pronounc- 
ed a great success. A short line, similarly 
constructed, is now in use at Schaffhausen, 
in Switzerland; it crosses the Rhine at the 
Falls and has a span of about 400 ft. It is 
used for carrying the workmen connected 
with the rope transmission of the Wasser- 
werk Gesselschaft. Mr. Scott and myself 
crossed the river in the car a few weeks ago, 
and can bear testimony to its general effi- 
ciency. We are at the present time making 
arrangements to bring this tramway into 
use as part of the material of an invading 
army for the purpose of carrying provisions 
and army material to and from the camp to 
the nearest railway or water communication. 
The various uses to which this traject can 
be applied are so numerous that I should 
be trespassing too much on your time to 
name them all in this paper. I will, there- 
fore, now proceed to explain the model 
and plans, which will be printed and ac- 
company this description. In all cases the 
cars are carried on two parallel endless 
ropes, passing at the terminal points over 
large driving pulleys, and being supported 
and guided at certain distances by smaller 
pulleys. The distance and application of 
these pulleys depend upon the nature of the 
ground, as well as the weight to be carried, 
and in many instances the expense of the 
wood or iron carrying posts can be avoided 
by taking advantage of trees or rocks which 
may lie in the line of route. The motor, 
which may bea steam-engine or water- 
wheel, only acts at one end. The large 
pulleys at the driving end are both keyed 
on to one shaft, and are set in motion by 
the motor, and at the return end the large 
pulleys are separately bedded, and run 
independent of each other, each having a 
tightening apparatus, so as to prevent ary 
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unequal stretching of the ropes. The ropes 
themselves transfer the motion to the smal- 
ler pulleys. Any load to be transported, 
consisting either of vehicles, basket cars, 
and timber, is made to rest upon the ropes, 
with four claws, or notches, in order to pre- 
vent oscillation of the object conveyed, and 
allowing it only to follow the movement of 
the ropes when passing over the rollers ; 
and while two of the claws simultaneously 
set free the ropes, the two other claws keep 
the load upon the ropes by friction. The 
large driving and returning pulleys are lined 
with wood so as to increase the grip of the 
ropes and avoid the wear consequent upon 
the ropes being drawn on iron beds. The 
system of disengaging claws attached to the 
tubs, and first used, was complicated and 
expensive, and, although retained as part of 
the patent, have now been superseded. The 
vehicles are now fitted with claw bars, or 
the claws are so arranged as to fall level 
with the sides of the tubs when not resting 
on the ropes. There is an elevation and 
plan of wire tramway representing any 
length from 1 to 10 miles. Two large pul- 
leys near to and driven by the motor are 
fixed on a neutral shaft, the two opposite 
being bedded on separate shafts, and having 
a tightening apparatus, and one of new and 
improved form has newly been added to the 
patent. Wooden ramparts are provided, 
which serve to bring the cars from the lower 
to the upper ropes, and vice versa. The 
upper is called the track line, and consists 
of an inclined plane on which the rails are 
laid. The lower line is deviated at that end 
of the traject when the vehicles arrive at 
the lower ropes. This line of rails is hori- 
zontal, beginning under and between the 
nearest grinding rollers, so that it may re- 
ceive the vehicles running off from the ropes 
and carry them over the rope and sideways 
clear of the large pulleys to the travelling 
platform. Natural local circumstances will 
always decide whether a sliding platform, 
turn-table, or switch is most suitable for 
connecting the line of rails. At the other 
end the traject is similarly arranged, and 
has a slight fall toward the first carrying 
rollers, so that the cars pushed off the slid- 
ing platform run on to the ropes of their 
own account. The coupled trajects are both 
worked by one motor, and can be under- 
stood without further explanation. An ar- 


rangement of this kind is most suitable for 
long lines, because by dividing it into sec- 
tions the weight of and strain on the ropes 





are very considerably diminished. It also 
enables the line to be carried around a very 
sharp curve, as the shafts of the driving 
puleys may be so bedded that the rope 
way at this point forms an obtuse angle. It 
is scarcely necessary to mention that all 
carriages, tubs, or vehicles of any kind can 
pass the junction without stopping, or with- 
out manual help of any kind, this being 
effected on the upper line of ropes by the 
momentum ofthe running vehicle, and on the 
lower line by giving the junction rails the 
necessary inclination. As large cars, weigh- 
ing over 5 ewt. when unloaded, are difficult 
to push up the ramparts, the inventor has 
designed an arrangement which obviates 
the necessity vf the inclined planes: he lets 
the loaded and unloaded cars run along a 
horizontal track of rails at the ends of the 
traject. In this case the driving pulleys 
are placed nearly horizontal under the scaf- 
folding, which supports the rails and the 
first guiding pulleys. It is so arranged that 
both the ropes run parallel, and next to 
each other in one direction, and those com- 
ing from the return end of the traject are 
placed on the same level at the side of each 
other, and not above each other, as in the 
constructions previously described. It is 
not necessary that these terminal stations 
shail be on the same plane; but, according 
to the requirements of the position, any in- 
clination may be given to the ropes up to 
one in six, which may be worked with per- 
fect ease. As most engineers and manu- 
facturers taking an interest ia this invention 
will be desirous of ascertaining the cost per 
mile, itis necessary in giving an estimate 
to have a proper section of the ground to be 
traversed, weight, and quantity to be carried, 
height of the various scafluldings required, 
and number of the same, as the ironwork 
and erection of these latter, if used frc- 
quently, play an important feature in the 
cost of erection. ‘The difference betwecn 
the use of steel wire-ropes and iron wire- 
ropes tends also to a material difference in 
first cost, but taking fair average conditiors 
of erecting one English mile, inclusive of a 
first-class 12-horse power portable engine, 
but exclusive of the erection of the ramparts, 
about £1,000 may be taken as fair average, 
according to present prices of material 
and labor. The wire ropes are four times 
as long as the whole traject, and must be of 
the best material and workmansbip, and 
most carefully laid. Steel wire-rope is 
strongly recommended as being better 
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adapted to withstand wear and tear, conse- | and are lined with willow wood. The inside 
quent upon the necessary friction. As a guiding-rollers average from 18 to 50 in. 
general rule, the supporting posts may be; diameter. ‘The upright posts for supports 
laced 300 ft. apart, and with steel ropes | average from 8 to 10 in. square; ordinary 
7 in. in diameter a load of 10 ewt. may be | Swedish or Memel timber may be used. 
carried between each support, exclusive of| he President observed that every iron- 
the empty vehicle on the top ropes, and | master knew the cost of transport, and the 
allowing 30 seconds for clearing each space, | large proportion which it bore to the cost of 
the traject would forward 50 tons per hour, | iron, and as the object of the arrangement 
or by increasing the size of the ropes, and | which had been described was to lessen that 
power of the engine, a total quantity of 100 | cost, he was sure the meeting would ac- 
tons per hour can be obtained. The driving | cord the author of the paper their hearty 
pulleys average from 8 to 10 ft. diameter, | thanks. 








ADMIRAL PORTER’S TORPEDO BOAT. 


From ‘The Nautical Gazette.” 


We promised last week a description of | ft. The best tested charcoal iron is being 
this new and fermidable machine, the in- | used in her construction. ‘The thickness of 
vention of Admiral Porter. This engine of | the plating for the sides has not yet been 
destruction is composed of a series of water- | decided ; that on the hull ranges from three- 
tight compartments, which can be flooded | eighths to half an inch, according to the 
or emptied at pleasure, so that the vessel | general rules for constructing iron vessels. 
can be made to sink under water until, if; The decks are of plated steel, from five- 
necessary, only a foot remains above the | sixteenths to half an inch in thickness, 
surface. In action nothing can be seen | which, it is thought, will add to the strength 
above the decks but an iron-plated pilot- | of the boat. The decks are arched much 
house, a smoke-stack, and grated hatch- | higher than usual, thus giving to the middle 
ways. ‘The pilot-house, however, need not | of the vessel a height greater than would 
be occupied on such occasions, as the vessel | appear. 
could be steered from the engine-room be-| The new boat is built on what is known 
low. She will be fitted up with three masts,|as the English bracket principle, intro- 
constructed so as to disappear during an en- | duced for the first time into American ship- 
gagement; but, if found necessary, they | building. The peculiarity about ships con- 
can be run upand sail puton ata moment’s | structed on this priciple is that they are 
notice. The sailing facilities can be avail-| virtually two distinct vessels, built one 
able when the vessel is not in action. within the other, and of equal strength. 

When out of water the boat is shaped | Within the outside shell, three longitudi- 
somewhat like a shark, the nose or ram /| nals of immense strength run the entire 
tapering off from the bow, and projecting a| length of the vessels, and are connected 
distance of 40 ft. At the extreme point of | with bars running in a horizontal direction 
this ram is situated the torpedo bar and | by brackets of equal length. The whole is 
valve, from which the deadly missiles can | then covered with an iron plating of an 
be discharged by electricity with terrible | equal thickness with the outer one, forming 
effect. The projection of torpedoes, how- | a distinct and perfectly water- tight bottom 
ever, is not confined to the forward part of | and sides, the different sections of which 
the boat; she is so constructed that tor pedo | can be entered by man-hole. A passage 
bars run along at both sides, so that if lying | sufficiently large to allow a man to walk in 
with either side toward the enemy it will be | is left open between the outer and inner 
only necessary to apply the electric current | | vessels, as they may be called, from stem 
and torpedoes can be projected with ease. |to stern, so that should any accident occur 
When afloat only about + ft. of the vessel to the outer plating it could be remedied 
appears over water, and in shape, she looks | from the inside. The advocates of the 
perfectly oval. | bracket principle claim that even should 

The extreme length of the boat is 173 | | the exterior plating of a boat get damaged, 
ft.; breadth of beam, 28 ft., and depth, 13} and the water rush in, the vessel would 
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still be safe, owing to the water-tight 
lating constructed within. 

The boat being designed solely as an 
engine of destruction, will not carry a 
larger crew than will be sufficient to work 
her, and during action they will remain 
below. 

The Fowler wheel, a new propeller, will 
be introduced into the vessel. It has 
never yet been brought into use in the 
United Sates Navy. This propeller enables 
the vessel to be steered and propelled by 
the same wheel. It works on the eccentric 
principle, and allows the pitch of the blade 
to be altered at pleasure, so that, if neces- 
sary, a rudder could be dispensed with 
altogether. To provide against accident, 
however, a rudder will always be kept on 
hand. 

The vessel will be supplied throughout 
with an improved electric apparatus, by 
which connection will be maintained be- 
tween the engine and torpedo-rooms, pilot- 
house, and other portions of the ship. 

Machinery of extraordinary power, and 
on the most approved principles, will be fur- 


nished the boat, and she will be capable of | 


attaining as great a rate of speed when 
going in a backward as in a forward direc- 
tion. The shock which a ram of this 
description, driven by powerful engines, 


| could give toa hostile vessel would be some- 
thing terrific. The great length of ram 
concealed under water would also enable 
her to strike when she, to all appearances, 
seemed to be 40 ft. distant from the object 
of attack. 

The exact principle on which the tor- 
pedoes are to be discharged is kept a secret 
by the constructors, at the request of Admi- 
ral Porter, who does not wish his invention 
to become known to natives of other coun- 
tries. Numbers of gentlemen connected 
with naval construction in European coun- 
tries have visited the Navy Yard and en- 
deavored to get some idea of the con- 
struction of the new torpedo boat, but 
have been met by the officials with a polite 
refusal. 

To guard against any possible leaking 
out of the secrets involved in the construc- 
| tion of this boat,the men engaged on it can 
| form no idea of the whole, as they are given 
work piecemeal. 

From all that can be learned, however, 
concerning this new engine of destruction, 
\it is fair to infer that Admiral Porter will 
have given to the American Navy the most 
powerful and destructive weapon ever in- 
vented. It is being pushed rapidly forward 
to completion, and will probably be ready 
for launching in the latter part of July. 











ASIATIC RAILWAYS. 


From “Iron.” 


The glamor of romance still clings to the | 


East. Even the keen, money-loving, prac- 
tical Frank is unable to resist Oriental influ- 
ences, and when brought face to face with 
the principalities and powers of the East. 
conceives enterprises of pyramidal gran- 
deur. Englishmen were startled to hear, the 
other day, that the Shah of Persia had 
made what is euphemistically termed a con- 
cession to Baron Reuter—the said conces- 
sion giving power to the fortunate holder to 
“run” the entire Persian Empire for his 
own especial benefit, subject, of course, to a 
certain percentage payable to the Shah. 
In this nineteenth century of ours, people 
are accustomed to “big things.” Stupen- 
dous contracts are quickly made, and punc- 
tually performed, but the idea of managing 
an Uriental empire—finance, roads, crops, 
mines, earth, air, and water, “stock, lock, 
and barrel”—by contract, is certainly new, 


and reflects the greatest credit both on the 
courage and the originality of the high con- 
tracting parties. 

Hardly have we recovered from the 
shock occasioned by the Persian concession, 
when another great enterprise springs into 
life at the bidding of M. Ferdinand de Les- 
seps, a gentleman whose career has proved 
that he has not only the daring imagina- 
tion necessary to the conception of a great 
scheme, but the steady persistence so indis- 
pensable in bringing happy ideas to frui- 
tion. It must never be forgotten that, in 
the case of the Suez Canal, M. de Lesseps 
was right, and the English opponents of the 
scheme steadily and obstinately wrong. 

Through good and evil report M. de Les- 
seps adhered to his grand design, and has 
had the satisfaction of beholding its suc- 
i cess. We would therefore wish to speak 
| respectfully of any plan due to the fertile 
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brain of him who made Africa into an island, 
but at the same we cannot refrain from ex- 
pressing some astonishment—not at the 
vastness of the scheme—but at the cosmo- 
politan objects proposed to be attained by 
the Central Asiatic Railway from Orenburg 
to Samarecand, Bokhara, and Peshawur, 
completing the line of railway from Calais 
to Calcutta. 

With touching confidence in mankind, 
the distinguished Frenchman assumes that 
an unbroken iron road, 7,500 miles long, 
passing through the territories of the Czar, 
to British India, will at once do away with 
all heartburning on the Central Asia ques- 
tion, and that—if not the lion and the lamb 
—-at any rate the lion and the bear may in- 
dulge in friendly hug on the snowy summit 
of the Hindoo Koosh. 

So far as the 1,500 miles of railway from 
Orenburg to Samarcand arp concerned, the 
project touches Russia alone; and as, in 
the pursuance of her ambitious designs 
upon Central Asia, such a railway would be 
of great utility—to Russia, be it well under- 
stood —there is little doubt that, for Impe- 
rial and strategical reasons, the line will 
sooner or later be constructed by Russia 
herself. There can be no possible objection 
to such an arrangement; and if Russia in 
her benevolence should feel inclined to ex- 
tend, at her own expense, the benefits of 
railway communication to semi-barbarous 
and not-yet-annexed States, such as Bok- 
hara, no nation possesses the shadow of a 
right to say her nay; but it is futile to at- 
tempt to represent the scheme as one likely 
to enlist the sympathies of Englishmen. 
That the States existing between Bokhara 
and Peshawur are independent, would prob- 
ably appear but a slight objection to the 
Russians, who are certain—if allowed to 
pursue their career of conquest unchecked 
—to push their successes to the foot of the 
great mountain barrier which divides India 
from Turkestan. Putting aside the tremen- 
dous engineering difficulties which would 
be encountered in driving a line from Bok- 
hara through the massive buttresses of the 
Hindoo Koosh to Peshawur, we conceive 
that a trans-Russian route to India is that 
of all others least likely to commend itself 
to the English mind. The only enemy— 
worthy of the name—with whom we are 
likely to come into collision in Asia is Rus- 
sia; and it is, therefore, of the last impor- 
tance that the high road to our Indian pos- 
sessions should be carried through the do- 





mains of any other potentate rather than 
through those of the Czar. 

It would be vain to deny that grave ob- 
jections may be urged against all the rail- 
way routes to India hitherto proposed. In 
“piping times of peace” the Euphrates 
Valley line, continued along the shore of the 
Persian Gulf and the coast of Beloochistan 
to Kurrachee, clearly offers more attrac- 
tions than the roundabout route through 
Cracow, Orenburg, and Peshawur, espe- 
cially when it is considered that more ta- 
vorable arrangements as to customs cou!d 
be made with the Persian than with the 
Russian Government. But again a dilem- 
ma presents itself. 

Railways can only be built with two ob- 
jects. One of these is to pay a dividend in 
time of peace, the other is to serve as mili- 
tary roads in time of war. We submit 
that neither the Orenburg nor the Euphra- 
tes Valley lines will fulfil either of these 
requirements. The countries to be tra- 
versed by them are poor and sparsely pop- 
ulated; therefore the lines, commercially 
considered, would be failures. During war 
the high road to India would be in the 
hands of independent and possibly hostile 
States. It is difficult to see how the con- 
struction of either or both of the projected 
lines could serve England either commer- 
cially or strategically. 

Travelling farther eastward, we encoun- 
ter an important but purely commercial 
problem. This is the opening of a new 
route to Western China, with the object of 
bringing the inhabitants of Yunnan and 
Szechuen into communication with the West- 
ern world. The mineral wealth of West- 
ern China is almost inca’culable, but inex- 
haustible supplies of coal and iron are ren- 
dered useless by the absence of practicable 
roads. 

So long ago as 1856, it occurred to the 
Governor of Saigon that the trade of Yun- 
nan might be advantageously diverted 
through the French possessions in Cochin- 
China, and an expedition was organized to 
explore the upper course of the great river 
Me Kong. Conducted with great courage 
and skill, this enterprise laid bare the dis- 
heartening truth that the rapids and catar- 
acts of Khong interpose an insurmountable 
obstacle to the navigation of what would 
otherwise prove one of Nature’s most mag- 
nificent highways. 

While the French were busily exploring 
the Me Kong, our own countrymen were 
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directing their attention to the Irrawaddy, | of Asia and the initiation of a traffic of im- 
with the object of bringing Chinese traffic! mense magnitude. It is late in the day to 
through British Burmah to Rangoon. Va-}| compete against Russia for the trade of 
rious lines of railway have been proposed, | Central Asia. Not only has she, by the 
and it is by no means improbable that one | imposition of prohibitive duties, closed her 
of these may present sufficient attractions to | conquered provinces against all goods but 
the English and Burmese Governments to | those supplied by herself, but has, in addi- 
secure its adoption. When a line of rail-| tion, imposed a system of differential du- 
way is once brought up to his very doors, | ties upon those States which have not yet 
there is little doubt that the patient, indus- | exchanged the name of ally for that of vas- 
trious, and imitative Chinaman will not | sal. By constantly pushing her protective 
be slow to recognize the merit of the new | tariff in advance of her own movements, 
road. Russia has succeeded in gradually elbowing 

A single glance at the map will show] the British trader out of Turkestan, Kash- 
the great advantage of the Burmese route | gar,and Bokhara. It only remains for him 





to Rangoon over the ancient course of trade | to vindicate his vitality by pushing farther 
through Canton or Foochow and the Straits. | 

Another opening will be made for the intro- 
duction of English goods into the interior 


eastward and developing a new trade with 
the teeming population of the Celestial Em- 
pire. 





STREET LIGHTING.—THE USE OF LENSES AND REFLECTORS. 


By T, A. SKELTON. 


From “Journal of the Society of Arts.”’ 


The subject of artificial illumination has 
for many years engaged a large share of 
scientific attention, but perhaps public 
notice has never been more forcibly drawn 
to its consideration than at the present 
time. 

The increase in the price of coal, and in 
cost of labor, has resulted in a general ad- 
vance in the price of gas, This circum- 
stance has favored or necessitated the in- 
troduction of improvements in the manufac- 
ture of ordinary gas, and has encouraged 
the promotion of inventions for the produc- 
tion of illuminating gas from other materi- 
als than coal, and it has also brought into | 
prominent notice other means of obtaining | 
artificial light. 

These questions will probably attract | 
even yet more attention during the present | 
year; and as “Artificial Illumination by | 
all Methods, Gas and its Manufacture,” is | 
to form one of the chief subjects of the Lon- | 
don International Exhibition in 1874, it 
may be anticipated that the public, as well | 
as those more immediately concerned in the 
details of these questions, will look to that 
Exhibition, not only for a full and com- 
plete representation of the subject, and for | 
a comparison of the rival methods for the 
production of artificial light, but also for an 
illustration of the means of using it with 
the greatest economy and effect. 





It is with the utilization of artificial light 
that I have the honor to engage your at- 
tention this evening, and I shall first beg 
leave to impress upon your minds the fact, 
that however successful the attempts to im- 
prove the methods of the production of 
such light may be, either in increasing its 
intensity or in diminishing its cost, the 
scientific application of lenses and reflec- 
tors will still be for some purposes abso- 
lutely necessary, and for many others will 
give valuable aid to artificial light by yet 
further increasing its lighting power, by 
controlling its direction, or by reducing the 
quantity of light necessary to produce a 
required effect of illumination. 

The optical principles upon which the 
action of lenses and reflectors depend are so 
generally well known, and were, in the first 
series of “Cantor” lectures in the present 
session of this Society’s proceedings, so 
minutely explained, that I need only very 
briefly refer to them on this occasion. 

Firstly, you are aware that light, meet- 
ing with a reflecting surface, is deflected 
from it at an angle equal to the angle of in- 
cidence. 

Secondly, that a prism of glass may be 


‘employed as a reflector by using the internal 


and total reflection from what we may term 
the interior of one of its sides. 


And, thirdly, that light passing through 





LT 


























STREET LIGHTING. 125 





a transparent body, such as a lens, will be 
refracted from its original course into a 
new direction, dependent upon the refrac- 
tive power of the material, and the angles 
of its surfaces in relation to the course of 
the light. 

We have thus two practical means by 
which to control the direction of course of 
light: reflection, by the use of catoptric 
reflectors or prisms ; and refraction, by the 
use of a dioptric lens ; the use of either or 
both in combination will depend upon the 
use to which the light is intended to be ap- 
plied—or rather, in fact, upon the amount 
of deflection of the light necessary to be 
produced. 

Artificial illumination for useful pur- 
poses may be broadly classed under two 
heads. First, Signal lights; second, Arti- 
ficial light as a substitute for sunlight. 
Now, although it is my intention to treat 
more particularly of the second of these two 
divisions, yet as the application of lenses 
and reflectors has hitherto been more sci- 
entifically and successfully studied in rela- 
tion to signal lights, and such application, 
after passing through years of practical ex- 
periment and use, has at last, in the mod- 
ern ‘“Catadioptric” lighthouse _ light, 
reached a completeness that may be 
deemed almost it not absolute {perfection, 
it may be advantageous to sketch out brief- 
ly the progress of science and invention in 
that form of artificial illumination, as a 
help to our consideration afterwards of the 
question as to how far the principles and 
means so successful in regard to signals 
may be practically applied with advan- 
tageous results in other uses of artificial il- 
lumination. 

In its simplest form a signal light would 
be represented by a flame radiating its 
light into space in every direction, and con- 
sequently diminishing in intensity as the 
square of the distance increases; such in- 
deed was the feeble characteristic of our 
lighthouses or beacons up to the beginning 
of the present century. 

The first improvement made was the use 
of a parabolic reflector ; this form of reflee- 
tor, as you are aware, throws forward in 
parallel lines the reflection of a light placed 
in its focus, thus concentrating about one- 
half of the light into a single direction, but 
entirely obscuring the light in the opposite 
direction, so that if a fixed light was re- 
quired to be visible over the entire radius 
of the horizon, or any large portion of it, a 








number of lights and reflectors would be 
required. 

At the North Foreland Lighthouse, a 
lens was placed in front of each flame, in 
addition to the parabolic reflector; but 
these lenses, which had cost £50 each, were 
found to be useless in such a combination, 
and were removed in 1835; in fact it is im- 
péssible to obtain any advantage by the 
use of a dioptric lens in conjunction with a 
parabolic reflector, as the direct rays of 
light impinge upon the lens at a different 
angle to that of the reflected rays, and 
hence one or the other must be dispersed 
beyond the required direction. 

To return to our lighthouse illustration, 
we find that about the year 1822, Fresnel 
introduced in France the method of econ- 
centrating light for lighthouses by the 
method of refraction, using a dioptric lens 
of a novel but scientific form. ‘The great 
advantage of this system was that, by dis- 
pensing with reflectors behind the flame or 
light, the light was visible round the whole 
horizon, so that one light only was now 
necessary, and far more of the light was 
utilized than by any previous method. Fres- 
nel’s admirable system has, however, been 
improved upon by the addition of prisms, 
acting by reflection, placed above and below 
Fresnel’s dioptric lens, intercepting and 
utilizing rays of light far beyond the power 
of a dioptric lens. Thus nearly the whole 
of the light produced is usefully employed 
by being compelled to travel in a plane 
p»rallel to the horizon. This is the form 
of lighthouse light known as the “ catadiop- 
tric,” from its combination of the powers of 
both reflection and refraction. It is now 
used in our best modern lighthouses. The 
diagram I have here represents the North 
Foreland Lighthouse, erected in 1858, and 
it isa system that may fairly be considered 
as the perfection of the application of re- 
flectors and of refracting lenses to signal 
illumination. 

Having thus merely brought the leading 
principles and illustrations of this part of 
my subject before you, I have now to ask 
your attention to its second division—the 
use of artificial light as 4 substitute for sun- 
light; and in tracing the course of inven- 
tion in relation to the use of lenses and 
reflectors as aids to this form of artificial 
illumination, I shall have to refer to many 
unsuccessful schemes, giving them, how- 
ever, only sufficient attention to explain the 
cause of their inutility, and we shall meet 
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with but few inventions or proposals which 
have achieved or even deserved success. 

Allow me first to divide this branch of 
our subject into two distinct subdivisions— 
light used within an enclosed space, having 
reflecting surfaces, such as an ordinary 
room, and light used in an unenclosed 
space, in tact, open-air illumination. 

The essential difference of these condi- 
tions must be familiar to you; you cannot 
fail to have noticed how a lamp or candle, 
which in a room or hall with light walls 
and white ceiling had appeared cheerful 
and brilliant, suddenly seemed to be de- 
prived of its energy, and looked dismal and 
feeble when removed into the open air at 
night. The intensity of the light was the 
same—the circumstances under which it 
was burning alone had changed. 

For ordinary indoor lighting the reflec- 
tion of light by the walls and ceilings is 
usually sufficient, and insures a fair and 
even diffusion of light throughout the space 
illuminated ; shades are usually placed on 
lamps more to protect the eye from the 
direct rays emanating from the light than 
from any reflective power they possess; 
and where in the passages of public 
Luildings or-in other places, silvered re- 
flectors are placed behind the flames of 
wall-lamps the effect is nearly always more 
dazzling than advantageous. It is, there- 
fore, in the use of artificial light in the 
open air that the aid of lenses and reflectors 
is in fact required; and we may take for an 
i‘lustration an ordinary street-lamp; any 
improvements in such lamps will probably 
be useful in many other situations. 

As in the case of the early form of signal 
light or beacon in the last century, so an 
ordinary street-lamp of this day radiates its 
light into space in every direction ; some 
few of the rays may faintly illuminate the 
walls of adjacent houses, but in any case a 
very large proportion of the light produced 
is absolutely wasted. Long ago this fact 
appears to have attracted attention, and 
early in the history of street-lighting, at- 
tempts were made to utilize the wasted rays 
of light. We find records of these efforts 
among the specifications at the Patent 
Office dating as early as 1791, when the 
first use of lenses in connection with street- 
lamps appears to have been proposed. In 
1793 two other inventions for the purpose 
are recorded, and all these seem to have been 
various and ineffective forms of the dioptric 
lens applied to the globular oil lantern. 





Passing over the various improvements 
in the lanterns used for oil lighting, we 
come to the earliest form of street-lamp 
used in gas lighting in this metropolis. I 
have here a sketch of one of these from 
Lincoln’s-inn-fields ; these had solid metal 
roofs, probably once polished or whitened 
in the interior, but now rusted and black- 
ened. Even at their best they could have 
reflected to the ground only a very small 
amount of light, while they effectually pre- 
vented the adjacent buildings from being 
illuminated above the level of the lamp 
when the flame was placed at the usual 
height in the lantern. The first improve- 
ment in these gas lanterns was simply to 
roof them with glass, as is the common 
practice- at this day. These lamps certainly 
had a lighter appearance, and were at least 
not worse than their predecessors except in 
their greater liability to breakage. Still 
anything like a scientific application of 
lenses or reflectors to control the direction 
of the light was not—at least so far as I 
can ascertain—attempted, until Sir Golds- 
worthy Gurney obtained patents, in the 
years 1841 and 1842, for his improvements 
in regulating and dispersing light and heat. 
These, however, required the use of an ar- 
gand burner and glass chimney, and were 
not of a character suitable for the rough 
usage or careless cleaning usually given to 
a street-lamp, nor were they, indeed, 
specifically proposed for this purpose. 

In 1854 we find a proposal, by Messrs. 
Boggett and Pettit, for the use of what they 
termed “ dioptric refractors.” These were 
annular reflecting prisms, and their appli- 
cation, among many other purposes, was 
proposed as an improvement in street light- 
ing. This was to be effected by dividing 
the ring into semicircles and placing them 
on either side of the gas flame, at an angle 
of about 45 deg. Either the cost of making 
these prismatic lenses, the danger of 
breakage from the heat of the flame, the 
practical difficulty of cleaning, or the very 
slight benefit to be obtained by their use in 
this form, must have proved a sufficient 
reason for their not being adopted for use 
in street-lamps. 

Reflectors, of parabolic and other shapes, 
have often been placed behind the flame in 
street-lamps; commonly two flames were 
used with two reflectors back to back be- 
tween them, while, even recently, another 
form of this attempt at improvement has 
been the subject of experiment in Paris, 
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when silvered glass globes, about 3 in. in 
diameter, some flattened on opposite sides, 
with two gas flames, and others flattened 
on three faces, with three gas flames, were 
fixed in the lanterns in the Place Vendome. 
These experiments resulted in absolute 
failure: no increase of light was obtained, 
and the glass globes were fractured by the 
heat of the adjacent flames. Indeed, a 
successful result was impossible; and any 
form of solid reflectors intercepting the 
rays of light visible in the street in any 
dire :tion, is simply absurd and wasteful in 
application to street lamps. 

We may now dismiss, with these few 
examples, any further consideration of ar- 
rangements of lenses or reflectors requiring 
to be placed inside the lantern ; they would 
necessarily be in danger of damage or de- 
struction by the flame used, and interfere 
seriously with the cleaning of the interior 
of the glass lantern, besides themselves re- 
quiring great care in cleaning and polish- 
ing, without which they would be useless. 

Here, then, is the broad distinction be- 
tween the application of lenses and reflec- 
tors upon the large scale of a lighthouse, 
where each single part can be separately 
cleaned, and a similar application of lenses 
and reflectors to so small an object as a 
street lamp. 

I must now invite your notice to some 
arrangements of reflectors which, forming 
part of the lantern or its glazing, appear to 
be free from some of the difficulties I have 
nvticed, and which have for different pur- 
poses been successful in various degrees. 

The simplest of these arrangements is 
the use of solid reflecting plates in the roof 
of the lantern. ‘Lhis, under various forms, 
has been the subject of many patents; it 
is, however, of use only when an increase 
of light is desired close under the lamp, 
aud where, cutting off from adjacent build- 
ing ail the light above the level of the lamp 
is of no importance ; but as a consequence 
of this concentration of light close under 
the lamp, this arrangement is entirely un- 
suited fur ordinary street-lighting, as, un- 
less the lamps were placed much closer to- 
gether than at present, the intervals of 
darkness between the lamps would, by 
comparison, be rendered darker. Exam- 


pes of this principle may be seen at Prim- 
rose-hill, in the globular lamps there, but 
the result is anything but satisfactory. 
Another form of solid reflecting roof may 
be illustrated by a diagram representing 








the large lanterns now in use in the Lon- 
don and South-Western Railway yards at 
Nine Elms; it is evident at a glance how 
small a part of the waste light is intercept- 
ed, and how little concentration even of that 
is effected; the inverted cones were, I be- 
lieve, originally polished, but now are 
simple white surfaces, from which the light 
radiates freely in all visible directions ; in 
this apparatus a glass tube or chimney is 
required to protect the reflecting cone. 
Some street lamps of this character may 
also be seen in the Strand, opposite Exeter 
Hall, and it will readily be seen there how 
little aid is obtained from reflectors in this 
form and position. 

Leaving the use of solid reflectors as 
valueless for general application, we turn 
to the next series of proposals—that in 
which the sheets of glass used in glazing 
the lantern are used also to divert the rays 
of light. 

The first of these is the use of opal glass 
in the roof of the lantern; this, while act- 
ing chiefly as a solid reflector, and subject to 
its disadvantages, yet permits a small por- 
tion of the light to pass through its sub- 
stance; but even this small quantity is 
radiated in all directions visible from the 
surface of the opal glass, so that little or 
no control is obtained of the intercepted 
rays. A few specimens of this system may 
be seen in Oxford street, but it will require 
careful searching to discover them, or to 
see the difference between them and the 
other street-lamps at a slight distance, 
especially if the other lamps, not having 
been recently cleaned, present a very dull 
appearance. 

We next have a suggestion for cutting 
the upper part of the side panes into lines 
and facets, something after the manner of 
a cut-glass decanter; the small advantage 
gained by this method was certainly not 
worth the cost. 

A more scientific application of dioptrics 
was proposed in 1897 by Degrand, who 
obtained a patent for what he described as 
“Lenticular Glasses.” ‘These appear to 
be a modification or variety of the dioptric 
lenses introduced by Fresnel, and for caleu- 
lating the forms to be given to the strive or 
waves of the improved glasses. The for- 
mule of Fresnel are especially referred to 
because of their accuracy. These glasses, 
among various other uses, were designed 
for street-lamps. I am not aware that the 
invention ever took a practical shape in this 
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direction in England, and the great cost of 
manufacturing such delicate optical glasses 
in thin sheets with sufficient accuracy and 
polish—and without either they must have 
been worthless—probably prevented their 
application to street-lamps. 

Recently, another form of this application 
of the dioptric lens was experimented upon 
in Paris; in this case the lantern was a 
a cylinder formed of thick glass panes, cast 
in the form of a dioptric lens, such as may 
be seen in some ship-lamps; the light was 
entirely obscured from direct view, and 
the plan was found upon trial quite un- 
suited for street purposes. 

We have now traced the course of in- 
vention in street-lamps, beginning with the 
simple flame, as we did with the simple 
beacon light in the case of signal lights ; 
and, passsing through the stage of para- 
bolic and other reflectors behind the flame, 
into the use of various forms of the dioptric 
lens, we arrive at the year 1871, without 
further progress in the application of lenses 
and reflectors to street lighting than the 
state of advance in signal illumination in 
1822, when Fresnel introduced his dioptric 
improvements, and practically without any 
really useful application of the principles of 
reflection or refraction to this important 
public use of artificial light. 

We have seen in the case of lighthouse 
lights how perfection in principle has been 
reached by the adiition of the catadioptric 
or reflecting prisms to Fresnel’s dioptric or 
refracting lenses; we have also seen how 
powerless the dioptric lens is to assist us in 
street-lighting. Let us then consider these 
catadioptric prisms-—these additions which 
have secured such good results in signal 
lights, and see how far their use may serve 
our purpose in street illumination. 

We readily perceive their power to con- 
tro! the direction of light reflected by them, 
and how far beyond the range of a dioptric 
lens that power extends. We see also that 
they can be applied above the level of the 
flame, so as to not intercept in any direc- 
tion the direct action of the light usefully 
employed, but the difficulties we find in 
their use are the cost of accurately-shaped, 
polished glass prisms, their weight, and the 
great trouble of cleaning them. How, then, 
shall we obtain the evident advantages 
their use might confer, and avoid these 
difficulties? The course is easy enough, 
as the action of a reflecting surface and a 


reflecting prism is identical; use thin re- 





flecting plates instead of prisms, and so 
obtain at once economy and lightness, and 
avoid the necessity of cleaning each sepa- 
rate reflecting plate, by enclosing each 
group of reflectors between plates of glass 
set in a metal frame. 

I have here a specimen of the street- 
lamp now known as the catoptric lamp; 
this will serve to illustrate the manner in 
which these reflecting plates can be ap- 
plied. The angles at which the reflecting 
plates are placed in this specimen are such 
that, while they intercept light radiating 
upwards through 53 deg. of are, they con- 
centrate it within an are of 15 deg.; this 
gives sufficient dispersion of the reflected 
light over the dark intervals between the 
lamps in a street; by varying the angles 
of these reflectors we can perfectly control 
the direction of the reflected light. In ap- 
pearance you perceive three points of light, 
—first the flame itself; then, through the 
group of reflectors at the side of the lamps, 
an inverted image of the flame; and in the 
group of reflectors in the roof, a second 
inverted image of the flame; this, from re- 
flecting the edge of the flame, or rather the 
flame in a more concentrated shape, as 
viewed from the position of this group of 
reflectors, gives an image of the flame even 
more brilliant than the appearance of the 
flame itself. 

The concentration of the light radiating 
through 53 deg. of are into a much smaller 
area gives this reflected light its brilliancy 
and penetrative power, as in the example 
of the modern lighthouse light. There, 
however, the rays of light are concentrated 
into parallel planes, and here we have 
them extended over such degrees of aru as 
the amount of concentration or diffusion we 
desire may necessitate. 

This system of street-lighting was intro- 
duced upon one side of Waterloo Bridge in 
November, 1871, and so satisfactory was 
the result, that soon after, both sides of the 
bridge were fitted with lamps of this de- 
scription, and the daily press- described its 
effect in terms of the highest praise. 

Lamps exactly similar to the pattern 
before you are in operation in Moorgate 
street and many other parts of this me- 
tropolis; and in the town of Southampton 
the High street, one-and-a-quarter miles in 
length, is entirely lit with them, and the 
brilliant appearance, the increased lighting 
power, and the even diffusion of light in 
that street has given the greatest satisfac- 
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tion. Numerous other towns have these 
lamps on trial previous to a general adop- 
tion of the system. 

It is obvious at a glance how different 
this application of reflectors for street light- 
ing is to all which have preceded it, and 
how great is the variety of form and detail 
of which it is capable. Here we have a 
specimen with reflecting plates fluted ver- 
tically; no advantage in power is, how- 
ever, obtained by it, and although the 
effect may be pleasing, its extra cost would 
perhaps prevent its use in ordinary street 
lamps. 

This question of cost brings me to the 
commercial question, whether the use of re- 
flectors and lenses in street lamps, admit- 
ting its practicability, is of sufficient advan- 
tage to warrant the increased cost of the 
lamps and apparatus and the possibly in- 
creased cost of maintenance, or whether we 
can balance the extra cost, or entirely save 
its annual equivalent, by a saving in the 
amount of lighting material consumed, and 
yet give at the same time double the useful 
effect of the present lighting. Let us see. 
Here we have lamps of various patterns all 
burning gas from the same main, each at 
the rate of 5 ft. of gas per hour. These 
street-lamp regulators are by Mr. Sugg, of 
Westminster, all carefully adjusted, and 
giving, as you see, even results. Now in 
this specimen of a catoptric lamp, I have a 
regulator, allowing a flame to burn at the 
rate of 4 ft. of gas per houronly. The 
great increase in lighting power is still ap- 
—_ to you; and at least double the 
ighting power is given by this lamp, as 
compared with the others burning 5 ft. of 
gas per hour. Here, then, is a saving of 20 
per cent. in gas, or about 13s. per annum. 
This would actually pay the entire extra 
first cost of the lamp and reflectors in 
two years, and practically the cost of 
repairs has not been found to be much 
more than the cost of repairing an ordinary 
lamp. 

The question of cost cannot, however, 
be considered, as if our present street 
lighting was so satisfactory that no im- 
provement was desirable or necessary. The 
want of efficient street lighting in our cities 
and towns is an acknowledged grievance of 
long standing. London has been declared 
to be the worst lit city in Europe, and every 
one must admit the dangerous darkness 
which prevails in streets without shops, 
or after the shops are closed in others, and 
Vou. IX —No. 2—9 





we depend only upon the public. lamps for 
illumination. 

How, then, is this defective lighting to 
be remedied? How are we to obtain at 
least double the present lighting ?—and 
jess than double will not be satisfactory. 
Will the authorities be induced to double 
the number of lamps we have at present ? 
It seems hardly probable, when such an 
outery is raised against a few shillings per 
lamp increase in the cost of gas, or when 
we remember that in 1866, according to a 
Parliamentary Report, there were about 
40,000 public lamps in the London district 
alone, costing, at the present average of 
£4 per lamp, £160,000 per annum, while 
we cannot fairly estimate the total number 
of open-air lamps in this country at less 
than 309,000. 

It is, therefore, I think, obvious that it 
is to the use of reflectors, properly con- 
structed and applied, which will in reality 
utilize to our advantage the hitherto wasted 
light, and which are of such a practical 
nature as to be fit for the rough work of 
public use, that we must look for imme- 
diate relief from the prevailing street dark- 
ness. 

The use of such means, if not only doub- 
ling the present lighting power of our 
street-lamps, but also insuring a more 
equal diffusion of light over the whole 
course of our streets, would be a bovn 
worth paying even an extra amount for; 
but when these advantages can be 
actualiy obtained without extra cost, as I 
have shown they may be, then, slow as the 
introduction of any improvement ever 
seems to be, strong as may be the power of 
prejudice or of interest, or powerful for re- 
sistance as mere apathy or indifference 
may prove, it seems difficult to believe that 
the increased street lighting demanded by 
the public can long be refused to them by 
their representatives when the power of 
obtaining that increase on such terms—an 
increase that means better protection to 
life and property—is absolutely and prac- 
tically at hand. 





M* Prr«sort’s appeal on behalf of our 
seamen has caused the Government to 
grant a Royal Commission for the purpose 
of investigating into the nature of the very 
serious charges that have been made against 
the employment of unsafe and unseaworthy 
ships by some shipowners.—Vaval Science. 
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CHIMNEYS FOR FURNACES, FIRE-PLACES, AND STEAM BOILERS 


By R. ARMSTRONG, C, E. 


PRACTICAL THERMODYNAMICS. 

Furnaces, or closed fire-places, which it 
is the main design of this essay to treat 
upon, are essentially different in principle 
and construction to the ordinary open fire- 
places of dwelling-houses, as they are ex- 
ceedingly different in their general scope 
and object, and in the vast variety of their 
applications; yet there is one thing com- 
mon and important to both, and that is the 
chimney, or vertical flue, for the purpose of 
creating a proper draught of air through 
the fire, as well as to carry off the smoke, 
or other products of combustion; and it is 
in the generally increased proportions of 
this almost indispensable adjunct to all 
furnaces which principally distinguishes the 
modern from the ancient practice of steam 
engineering. 

The great developement of the manufac- 
turing system of this country during the 
last twenty or thirty years, and the erection 
of a larger description of factories being re- 
quired, has caused more attention to be 
devoted to the stability and general econo- 
my of such structures, in which the erection 
of larger chimneys than formerly have in 
some degree participated, but only to a 
trifling extent from professional architects, 
properly so called. The external portions 
of the chimneys of dwelling-houses have, 
no doubt, had seme share of attention from 
architects, but it may he doubted whether 
the most important function of even a house 
chimney—the creation of draught—has 
been adequately considered, if even only to 
prevent that greatest of all nuisances, a 
smoky house. In proof of which, many 
cases might be cited among the mansions 
of the nobility and gentry all over the 
country, as well as in town, where it is the 
less excusable. Indeed, the chimney flues 
of dwelling-houses are too commonly treated 
as mere conduits for smoke, as, in fact, 
they are frequently termed, and as such 
they are considered equally subordinate 
with drains and other conduits, which may 
or may not be attended to after the plan of 
the house is determined upon, and, in some 
cases, even after the house is partly erected, 
instead of being—as I humbly think they 
ought to be—considered, in an architectural 
sense at least, of the highest importance, as 
they are, in fact, the highest external 





features that can in this climate properly 
characterize the well-ventilated, well-warm- 
ed, healthy, and comfortable dwellings of a 
rational and civilized community. 

It is far from my intention to write a 
homily on any branch of architecture as an 
art, but it must be admitted that there are 
few, if any, subjects of such useful impor- 
tance connected with architecture that have 
been so much neglected, misdirected, and 
misunderstood, as the proper construction 
of chimneys generally, or their proportions 
most suitable to the various purposes for 
which they are designed. Such attention 
as house chimneys have hitherto received, 
has been too commonly in respect of their 
ornamental and decorative character only, 
even to the extent of erecting fictitious 
chimneys where there are no flues and none 
wanted. For all purposes of real utility 
the house-building architect too often, ap- 
parently, contents himself with a single 
step, and in some respects scarcely so much, 
in advance of the “hole in the wall” of the 
ancient Romans, who, however, with all 
their barbarous simplicity, were, at any 
rate, never troubled with down draughts— 
the universal malady of all English smoky 
dwelling-houses. 

The labored ornamentation of housetops, 
with their numerous little crooked outlets 
for smoke, though frequently only inlets 
for wind and rain, mis-termed chimneys, 
have been the chief degradation of 
modern architectural science. The art of 
erecting chimneys for steam-engines, and 
for similar purposes, has, however, fared 
somewhat better, since all the more sub- 
stantially useful part of architecture, com- 
prising nearly the whole of that appertain- 
ing to manufacturing industry, has for 
some time past, in our northern counties at 
least, merged into the province of the civil 
and mechanical engineer, technically known 
in Lancashire as the factory engineer. 

Factory engineers, however, though dif- 
fering widely from architects generally on 
many points, are not at ali agreed among 
themselves as to the best form and con- 
struction of a chimney for attaining the 
principal end in view; namely, the best 
draught at the least expense. In short, 
the problem of how to give a sufficient 


| Velocity to the air passing through the fire- 
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grate, with a given temperature in the fur- 
nace or in the escaping products, and at a 
minimum rate of consumption of the fuel 
to be used, has scarcely yet received an ade- 
quate solution, even theoretically. Practi- 
cally, the question has received many solu- 
tions—too many, one may say, for the 
convenience of ordinary business men— 
which circumstance is one of the main 
causes that has rendered the present work 
necessary, as well as contributing to some 
of its chief difficulties. The multitude and 
diversity of opinions on this subject may, 
in a great measure, be ascribed to the 
generally prevailing reliance on the dicta 
of some few popular professors, or rather 
amateurs, of chemistry; in which category 
we might also, perhaps without much in- 
justice, include a few so-called scientific 
guide-books. I am not for decrying the 
present inundation of cheap scientific trea- 
tises, which is so marked a feature of the 
times; but, on the contrary, think such 
books cannot be too many nor too cheap, 
when original or genuine. Such of them, 
however, as are merely reproductions of 
the last century, or even the early part of 
the present, are generally to be deprecated. 

To make a chemical laboratory, for in- 
stance, as has sometimes been done, an 
object of study to the engineer or builder, 
however scientifically constructed and ar- 
ranged, unless, indeed, the object be to 
erect another laboratory for a similar pur- 
pose, is, to say the least, very injudicious, 
and the fruitful source of much error and 
prejudice in the minds of young men of 
scientific aspirations. More particularly is 
this the case when the object in view is the 
arrangement of factories or works for other 
special purposes; those purposes being 
mainly for commercial profit, and not for the 
mere amusement of amateurs, nor even for 
the professed advancement of science, which 
is often little better. 

Holding the above views in common 
with the factory engineers before adverted 
to, I have always preferred taking for pre- 
cedents the blacksmith’s forge, the potter’s 
kiln, or the glasshouse chimney, rather 
than seek mechanical prescriptions, so to 
speak, among the crucibles and alembics of 
our “ modern alchemists.” 

With respect to the fire-place itself—the 
Furnace—to. which a chimney of some kind 
is but a necessary though highly important 
accessory, it is altogether in a different pre- 
dicament. The chief peculiarity relating 





to Furnaces, is that they have always 
been, and are necessarily, in ‘the hands, or 
constantly under the immediate control, of 
the workman himself. To him they are, 
in a certain sense, his tools—the tools of his 
trade—and for each special trade compara- 
tively perfect, at least he thinks so. 
Operative workmen, at any rate, though 
“reformers” they may be themselves, sel- 
dom willingly admit of any reform in their 
work tools. On this point they are essen- 
tially conservative in all trades, even to the 
cobler, as he sings, “To lose my awl 
*t would break my heart,” ete. The conse- 
quence of this general feeling is that we 
have an abundance of expériments confir- 
matory, or otherwise, of any particular 
innovations or alterations in a chimney or 
furnace that affect the draught, which is 
the only result a workman cares about. 
If the alteration turns out an improvement, 
it is quickly, and almost instinctively, as it 
were, appreciated ; if the reverse, or doubt- 
ful, or if even only undecided, it is as 
quickly rejected and condemned. Generally 
rather too quickly, in fact, for the interest 
of such inventors and improvers as cannot 
afford to wait for matured results. Hence 
has arisen a good deal of that great diversity 
of opinion, not to say theory, even among 
the most observant of mechanical engineers 
themselves. 

The Chimney and Furnace have not been 
sufficiently considered together, or as one 
apparatus. The Forge furnace, the Steam 
Boiler furnace, the Baker’s Oven furnace, 
and the Brick-kiln furnace, may be in- 
stanced as four examples of great dissimi- 
larity of purpose ; but from the first to the 
fourth consecutively, requiring a gradually 
decreasing velocity of draught. ‘The first 
and the last of the series, being instances of 
the two opposite extremes, requiring the 
quickest and the slowest draughts, and 
having in consequence the highest and the 
lowest temperatures. These two extreme 
cases, moreover, have one peculiarity in 
common, which is, that it is by many con- 
sidered a difficult matter to decide in either 
case where the furnace proper ends, and 
where the chimney flue begins. Al hough 
I shall have to revert to this point more 
fully in the sequel, it may here be ob- 
served that the difficulty alluded to may 
be greatly lessened by considering that the 
termination or vent of the Forge or Air 
furnace for working iron ought ‘o be a: no 
great distance beyond the point cf grea‘est 
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temperature of the flame, because, in the 
Forge, or Iron furnace especially, it is the 
flame that “does the work.” Whereas in 
the other extreme case mentioned—the 
Brick-kiln—which requires littie or no 
flame, the furnace may be considered to 
terminate at the lowest possible temperature 
of the issuing hot air, and might in fact do 
very well with hardly any chimney at all. 
The other two kinds of furnaces referred 
to—the Steam-engine furnace and the 
Baker’s Oven furnace—may be considered 
generally in an intermediate condition to 
the above, or in the order in which they 
are stated, more particularly as respects 
strength of dfaught. These two furnaces 
have also one trait in common, in so far as 
they both require regulating while at work, 
and are capable of permitting of variations 
of temperature through a very considerable 
range. The steam boiler furnace admits 
of great delicacy as well—so much so, as 
to make it, when supplied with proper self- 
acting dampers, a very efficient regulator 
or governor to the steam-engine itself. In 
the Oven furnace, the draught requires to 
be “sharpened” or slackened, from time 
to time, by hand, to suit the kind of goods 
undergoing the operation of baking. 
The steam-engine furnace is like the forge 
furnace, so far as it requires occasionally a 
very quick action for raising the pressure 
of steam in a short time, or otherwise, to 
prevent the steam from going down by 
some sudden increase of the load on the 
engine. The Oven furnace is not subject 
to such sudden changes, but rather re- 
quires a long continued, persistent, steady 
heat. This property of the Oven furnace is 
mainly caused by the large mass of brick- 
work with which it is commonly constructed, 
absorbing and retaining a great deal of 
heat to begin with. 

The accumulation and retention of heat, 
or of the power of heating other bodies, by 
non-conducting or slow-conducting sub- 
stances used in the construction of some 
furnaces, and the rapid dissipation and 
apparent extinction of the same, by metallic, 
or good conducting substances, in connec- 
tion with other furnaces so provided, is per- 
haps the most interesting branch of this sub- 
ject. And as anything bearing on this 


that may serve to elucidate the principles 
on which sound practice, to sav nothing of 
theory, must be sooner or later established, 
this introductory Essay appears to be the 
proper place in which to introduce what is 





either new, or differently treated and 
usual. 

In following the course here indicated, I 
am quite aware of the unmethodical ap- 
pearance it must have; but I have always 
preferred the rough and useful, though 
only prospectively recompensed labors of 
the pioneer’s track, to the smooth greens- 
ward and well-worn walks of science that 
often lead “to nowhere.” Satisfied if, in 
going through the still unexplored fields of 
discovery, I can bring home but a few 
rough logs towards the building up of the 
edifice so recently founded for sheltering the 
yet young though promising science of 
Heat and its relations, now termed Thermo- 
dynamics. 

For the actual state and condition of 
much of existing knowledge on the subject 
of heat, there is now no longer occasion to 
go for comparisons back to the times of 
Bacon, Newton, and Hooke, much as is due 
to those illustrious philosophers. Nor is 
there any occasion to consult the works of 
Franklin, Black, Rumford, and others of 
their times, nor adopt any of the theories 
and doctrines they promulgated. The opin- 
ions of those much more reliable authori- 
ties—even Young, Dalton, and Davy—can- 
not now be taken without some little re- 
serve ; but the experiments of their distin- 
guished successors Faraday and Joule, with 
the praisworthy labors of Rankine, Tindal, 
and a few others in the same direction, have 
more recently furnished results on the sub- 
ject of the present inquiry which cannot be 
too highly esteemed, and which, with this 
general acknowledgment, I intend to make 
a free use of in the course of this work. 

There is no need to extend the present 
Essay by any long dissertation on the 
theory of Chimney draught, neither shall I 
introduce much of what has been advanced 
by others on that subject, but rather confine 
these remarks to such elementary facts, 
principles, and rules, as are likely to be 
useful to those practical engineers, builders, 
and others, whose commercial undertakings 
—contracts and other exigencies—do not 
generally admit of long delay, much study, 
or scientific research, but who, nevertheless, 
may wish to readily avail themselves of a 
few leading principles and practical direc- 
tions, such as may at least prevent them 
from getting very far wrong. By pro- 
pounding and exemplifying a series of 
practical examples of cases that can be now 
referred to in actual use, it is hoped that 
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the most casual reader will be able to ac- 
company me with confidence and satisfac- 
tion through the rest of these Essays. 


THE STEAM-ENGINE CHIMNEY. 


The questions of most interest in connec- 
tion with large chimneys, and those usually 
the first asked, after the important one of 
cost, by the capitalist who has determined 
on some considerable outlay, either in 
erecting a new shaft or rebuilding an old 
one, may be classed under two principal 
heads—namely, the external and the inter- 
nal proportions. 

Whether the external form of a hollow 
shaft of brickwork or masonry of consider- 
able elevation, in this climate and country, 
should be a plain obelisk, or a finely pro- 
portioned architectural column, is a ques- 
tion that does not admit of much difficulty 
in deciding. Most engineers are no doubt 
properly inclined to the opinion that for so 
entirely utilitarian a purpose as a chimney, 
the former is the most preferable. It is, 
however, quite a matter of architectural 
taste as to how it may harmonize with 
surrounding objects, and the last thing in 
the world, perhaps, that engineers ought to 
dogmatize upon. Whether the form of 
such a column should affect great sim- 
plicity—a simple truncated cone or pyra- 
mid, for instance, decreasing uniformly in 
diameter upwards; or whether it should 
affect great stability, like the trunk of the 
oak, proverbially the shape for withstand- 
ing a severe gale of wind; or, ought a 
chimney shaft to be erected with a variable 
batter, like a lighthouse or a monument on 
the sea-coast—these are all questions re- 
quiring some consideration in designing a 
chimney for general purposes; but for the 
chimney of a steam-engine other especial 
requirements of far greater importance are 
to be considered. 

It is the internal proportions of a chim- 
ney shaft only—its height and sectional 
area—that principally concern the steam 
engineer. Until these essential internal 
proportions are first agreed upon, we are 
not in a position to discuss the external 
proportions with advantage. 

In fixing on the proper dimensions of 
the vertical smoke flue, or inside of a 
steam-engine chimney, it is a question 
with many, whether it should, as is most 
commonly done, be tapered internally or 
diminished in area towards the top; or 
whether it ought to be parallel—as wide at 








top as at bottom——in order to have the 
greatest velocity of draught. Or, again 
ought achimney to be, as some few eccentric 
engineers contend, and occasionally carry 
into execution, even wider at the top than 
the bottom ? 

These questions are all deserving of atten- 
tive consideration, and will receive ample 
illustration in the sequel. But there is an- 
other question quite as important as any of 
the above, and requiring a prior considera- 
tion. It is thus enunciated: What are the 
proper dimensions—height and area—of a 
chimney shaft most suitable for a steam- 
engine of any given number of horse-power, 
or, which is nearly the same thing, for burn- 
ing away a given quantity of coals per 
hour? ‘The proper answer to this question 
depends a good deal on the quality of the 
coals used, and the quantity of waste 
gaseous products arising from their gener- 
ally imperfect combustion in the furnace. 
The best Newcastle or Hartley coals, and 
the best Welsh steam coal, though re- 
quiring very different treatment in the fur- 
nace, are found equally in practice not to 
require such large chimneys as the inferior 
coalsof the midland and manufacturing dis- 
tricts of England. Under these circum- 
stances, it will perhaps be most advisable, 
in the first instance, to base our observa- 
tions and calculations on such practical data 
as those districts so readily afford, more 
particularly those of Lancashire, South 
Yorkshire, Derbyshire, and Staffordshire. 
Another reason for adopting those data is, 
that the usual stoking and management of 
the fires in those districts may be described 
as a fair medium between the north and 
the south, between the Newcastle and the 
Cornish practice. There is one feature in 
common between the northern and southern 
practice that may be mentioned, which 
is, that the engines in both districts are 
generally very lightly loaded, compared 
with those in the manufacturing districts ; 
the latter being very seldom indeed work- 
ing at less than 50 per cent. above their 
nominal horse-power, and commonly more 
than double their real or indicated horse- 
power. 

The last-mentioned circumstance furnishes 
us with the reason for the maxim so long 
prevalent in Lancashire, that a steam- 
engine chimney, leaving all considerations 
of cost out of the question, can never be too 
large nor too powerful, provided it is sup- 
plied with efficient means for checking the 
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draught, by properly fitted dampers or 
otherwise, whereby the supply of steam 
can be readily controlled at any moment, so 
as to work the engine at one-half its full 
power, and uSing considerably less than 
one-half the power of draught of the chim- 
ney; for which purpose, the ordinary 
damper (say 3 ft. long) of a thirty-horse 
engine ought to be open only to the extent 
of 3 to 6 in., thus having a surplus draught 
always at command for emergencies. 

Another feature of this question, arising 
from the practice of working steam-engines 
with inferior fuel, is the large proportion of 
dirt and small ashes derived from the burn- 
ing of the bad coal—the “flue dust ”—- 
which accumulates to an enormous extent 
within the flues and on the bottom of the 
chimney. Much of this flue dust—all the 
finer particles especially, and to a much 
greater extent than has hitherto been sus- 
pected, or ut least recognized—passes up 
and out of the chimney top under the ap- 
pearance of smoke, but which even veteran 
“smoke burners” generally are surprised 
to find is neither carbonaceous soot nor 
combustible gas, but principally incombus- 
tible earthy and silicious dust. 

In appealing to the practice of our best 
engineers respecting the proper area of the 
vertical chimney flue of a steam-engine, 


there is no occasion to go back to the times | 


of Brindley and Smeaton—when steam- 
engines were called fire-engines, and the 
firemen first called stokers—excepting for 


the purpose of making a single reference to | 


the early practice of the celebrated James 
Watt, which strikingly illustrates, not only 
the difficulty of determining @ priori the 
right proportions of a chimney, but also 
the admirable caution and prudence observ- 
ed by him in this as in other matters, so 
remarkably conspicuous in the eminently 
practical mind of that great man. 

After Mr. Watt had once ascertained 
the best size and proportions of a chimney 
most suitable for a given size of boiler and 
engine, he did not, at first, as almost any 
tyro of the present day would not hesitate 
to do—venture to throw the draught of two 
such or similar boilers into one chimney of a 
larger area, so that the same outlet might 
serve for the smoke from both furnaces, but 
he actually erected two such chimneys 
alongside each other! Or, occasionally, he 
did what was equivalent thereto: in erect- 
ing a chimney for two boilers, he would 
build up a midfeather, or division wall, from 





bottom to top, in order to separate the two 
draught currents from each other, in the 
same manner as in house chimneys. Had 
we not the evidence of yet existing erections 
to the fact, such a statement at this distance 
of time might be considered scarcely 
credible.* 

From all accounts of Mr. Watt’s early 
practice, it may be fairly inferred that he 
did not theorize much respecting the height 
of engine chimneys ; for having succeeded 
in doubling the effect of the steam-engine 
itself, for the same amount of fuel pre- 
viously used, he found no difficulty in 
making a low chimney suffice, such in fact, 
as were then in use for the old atmos- 
pheric engines, and occasionally to be seen 
in the mining districts at the present time. 
Those primitive erections, however-—mere 
outlets for smoke--can now hardly be con- 
sidered as chimneys at all, seldom exceed- 
ing an elevation of two or three yards 
higher than the top of the boiler. So soon, 
however, as the double powered steam- 
engine came into use, which quadrupled in 
effect the “‘old atmospheric,” and often ex- 
ceeded that, when applied to turning machin- 
ery in towns, it was found that the speed of the 
engine was often reduced for want of steam, 
and that again for want of sufficient draught. 
This last was occasioned, not unfrequently, 
strange as the words may now sound in the 
ears of modern engine drivers, by an “ un- 
favorable wind !” 

Prior to the times we are speaking of, 
the height of an engine chimney shaft, or 
stack of chimneys, as on Mr. Watt’s system 
the chimney was, in fact, did not then ap- 
pear to be of much consequence, provided 
it exceeded that of the neighboring build- 
ings, and any precedents that then existed 
for the area of the aperture or exit passage 
of the smoke were like those for the height 
—of a very antiquated and empirical 
character. The size and shape of the 
superior orifice of a chimney was, in fact, 
even within the present century, regulated 
by no fixed rule, but was variously modi- 
fied, as well also in diameter and area, 
from accidental circumstances—often by 





* Two united chimneys of this kind were, not many years 
ago, in use, with two of Boulton and Watt’s original 20.horse 
boilers, in the cotton-spinning works of Messrs. John Pooley 
& Sons, in Manchester. The case was remarkable, from the 
fact that the engineer of the firm once attempted to improve 
(as he thought) the draught of the chimney by breaking an 
opening through the midfeather, in order that the smoke 
might fill both the tues, The result was, the draught was en- 
tirely lost, and the communication had to be closed up again 
before the engine could be got to work. 
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considerations as to what could be made 
safely to stand, should the chimney require 
raising a little higher than usual, or than 
first intended. ‘The numerous envious 
rivals of Boulton and Watt in the early 
part of the present century, the Sherratts, 
Murrays, and others of that time, whose 
almost universal rule was to give “ one 
inch more in diameter of cylinder than 
Watt” for the same nominal horse-power, 
“and for a great deal less money,” had no 
little share in helping to mend this state of 
things. They all knew pretty well how im- 
portant it was to have a little extra steam, 
to meet the possible imperfect performances 
of their engines, and this a very few inches 
or feet of extra brickwork in the width and 
height of the chimney always gave them 
the command of, though this was often 
done at the casual suggestion of the brick- 
layer. In this matter, as with a cor- 
responding suggestion of raising the height 
of the feed-pipes, which was often com- 
plied with professedly to suit the con- 
venience of the stoker in preventing boiling 
over, it generally resulted in raising the 
pressure of the steam—an infallible remedy 
for almost all other deficiencies. Thus it 
occasionally happened that the trifling or 
crude suggestion of the bricklayer or 
stoker, in some instances, turned favorably 
the tide of success, which first founded the 
establishment of some of the largest engi- 
neering firms. 

It is owing to similar circumstances to 
those just referred to that we have so 
many examples of engine and other chim- 
neys in most of our old provincial towns, 
which, on being raised higher than at first 
intended, have been stayed from time to 
time by means of iron tie-rods, and hoop- 
ed with iron bands. These iron rods, props, 
and crutches to chimneys are much re- 
sorted to in breweries, distilleries, malt 
kilns, and other large works, as_ well 
in London as in different parts of the 
south of England, and are very far from 
being any indication of want of great pros- 
perity in the commercial and manufac- 
turing concerns to which they are at- 
tached. In their apparent condition they 
are the very opposite to the establish- 
ments of even second-rate manufacturers 
in Lancashire. 

So far as economy of fuel is concerned, 
the great prosperity and wealth of the for- 
mer seems to be in defiance of extravagant 
waste and temporary expedients; while in 





‘the latter it arises in a great measure froin 


well-considered permanent arrangements in 
all that concerns their engines, boilers, and 
furnaces. The necessity of artificial helps 
to the stability of a chimney is a sure mani- 
festation of great waste of fuel, by unneces- 
sary stoking and forcing the fires, and 
thereby overheating the chimneys, through 
inadequate area of flue. On the other hand, 
we may instance the air furnaces and kilns 
of the iron works and potteries of Stafford- 
shire, where there is some degree of neces- 
sity for resorting to the expedients referred 
to, on account of the much higher tempera- 
ture required by the process going on with- 
in the furnace. 

The chimney, or cone, of an iron furnace, 
an earthenware kiln, or a glasshouse, is, in 
fact, a part of the furnace itself, or at least 
ought to be so considered, and necessarily 
becomes heated by the flame passing into, 
through, or among the materials and arti- 
cles of manufacture it contains. This pecu- 
liarity, which is also common to many vari- 
eties of chemical furnaces as well as to pot- 
tery kilns, is the main cause of the very 
strong draught therein obtained. 

In the case of a steam engine boiler fur- 
nace, however, it is well known that no 
such thing as the flame passing off into the 
chimney, nor even into a flue leading 
thereto, after leaving the bottom or internal 
tube of the boiler, is admissible with the 
slightest attention to economy of fuel. It 
requires but little consideration to convince 
us that the flame of a steam-engine furnace 
ought to be wholly expended against the 
boiler bottom, or, where internal furnaces 
or flues are used, entirely within the boiler 
itself, in which case the draught is created 
solely by the ascensional force of the column 
of waste air or smoke within the chimney, 
heated to the comparatively moderate 
temperature of 500 or 600 deg. 

Thus it will be observed, there is a wide 
distinction to be made between these two 
species of furnaces; the steam-engine fur- 
nace approaching more nearly, in_ its 
moderate temperature, economy, and other 
circumstances, to the enclosed house stove, 
or at least to the kitchen fire-place, or cook- 
ing range. In these, the grate-room or 
furnace proper, and the chimney or smoke 
flue, are essentially separate and distinct 
parts, though in the best construction of 
engine furnaces they are rendered more 
perfectly so by interposing what has been 
always considered and properly termed the 
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flame chamber, or flame bed,* by practical 
engineers. 

On the other hand, in the action of the 
air furnaces of a potter’s kiln, in which the 
vertical flame chamber and chimney are 
both in one, or in the small furnaces of a 
chemist’s laboratory, arranged for produc- 
ing very perfect combustion and the most 
intense heats only, of two or three thousand 
degrees and upwards, we find a very differ- 
ent state of things to that of a steam boiler, 
requiring a heat only a little beyond that 
of boiling water. 

The importance of the distinctions we 
have thus endeavored—though perhaps 
imperfectly—to point out, though well un- 
derstood by practical firemen, has been 
much underrated, and the cause of some 
dogmatism and misapprehension, especially 
on the smoke question. From this mixing- 
up of different species of furnaces, intended 
for totally different objects and processes of 
art, though each may be practically perfect 
for the purpose it is intended for, very in- 
correct conclusions only have been deduced 
by some scientific writers. Waiving, there- 
fore, for the present any further considera- 
tion in this place of the variable opinions 
of those chemists who have not yet been 
able to define satisfactorily where the 
steam-engine or other furnace (proper) ends, 
or where the chimney flue begins,—and 
dismissing also the calculations of those 
really able mathematicians on the subject 
of the velocity of draught, whose con- 
clusions on the question have, unfor- 
tunately, differed from each other by nearly 
500 per cent., we shall next proceed to de- 
scribe the design for a steam-engine chim- 
ney, hastily inprovised for a particular occa- 
sion, and which, on being properly ex- 
ecuted, happened to be right. We use 
this expression purposely, not wishing to 
claim any particular merit for the design 
itself, and do not say how many others we 
may have taken more pains with, that, 
from various causes, have turned out less 
successful, although as instructive lessons, 
some such may be referred to in the 
sequel. 

In order to elucidate the object of this 
chapter still further, and to show what 
confused and erroneous notions on the sub- 





* Several other more or less affected terms are applied to 
this part of a furnace by the ultra-chemical school of smoke- 
prevention patentees; such as mixing chamber and diffusing 
chamber, of which the term combustion chamber is perhaps 
the least inappropriate, although, in reality, combustion goes 
on more vigorously in the grate-room than anywhere else. 





ject of draught in chimneys have been, 
from time to time, prevalent, even in so 
generally intelligent and eminently manu- 
facturing a town as Manchester, the fol- 
lowing extract from a letter addressed to 
one of the newspapers in that city is in- 
serted, together with my reply thereto. 
The article was entitled “Smoke and Long 
Chimneys,” and commenced as follows :— 

“The writer proposes that, instead of 
erecting a long chimney for asteam-engine 
furnace, a very long and wide flue or 
chamber should be built, contiguous to the 
furnace. Take an area of ten yards by 
twenty, more or less, according to the size 
of the furnace, wall it round 10 ft. high, 
and build three or four crosswalls, 3 ft. 
short of the length of the chamber, each 
alternately, the alternate enc of each wall 
being tied into the outer walls, arching the 
whole over from wall to wall, or covering it 
with flags (any more convenient form might 
be adopted, provided the length and height 
of the flue was obtained)—the smoke and 
rarefied air from the furnace to be conveyed 
by an ordinary-sized flue into it at one cor- 
ner, passing through it zigzag to the end, 
and then up the chimney, which need not 
be higher than the buildings around. There 
should be a door into it, at some convenient 
place, to take out the soot; and at the first 
time it was started it would be necessary to 
put in a quantity of shavings and light 
them, in order to start the draught; this 
would only be required when it was first 
commenced with, or after it had been a long 
time out of use. 

‘‘The writer conceives that, when the flue 
is filled with the smoke and rarefied air 
from the furnace, there would be a partial 
—and but a partial—vacuum in the flue, or 
that the volume of air in it would not be of 
equal density with the surrounding atmos- 
phere, and that the difference in the specific 
gravity of the smoke and hot air in the 
whole flue, and the like quantity of atmos- 
phere, would be so great that the air would 
rush through the furnace with great force 
to effect an equilibrium, thereby creating an 
intense draught—the great desideratum in 
building long chimneys, which is prevented 
taking place (the equilibrium) by its being 
rarefied by combustion in passing through 
the furnace. 

“Suppose, after the flue was filled with 
smoke and rarefied air, the communication 
from the furnace was cut off by a damper, 
and another one opened for the atmosphere 
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to pass into the fue, would there not be a 
very strong draught into it, intense at first, 
and progressively diminishing till an equi- 
librium was effected? The malt kiln has 
large flues or chambers under the perforat- 
ed tiles, into which the hot air generated in 
the fire passes, and, without the aid of any 
chimney, has a strong draught. 

“The baker’s oven, when heated by a 
fire in what they designate a wagon, has a 
very strong draught, entirely owing to the 
space the smoke and hot air has to spread 
in, before passing to the chimney. The 
same oven, when heated by a fire spread on 
the bottom in the common way, has a very 
poor draught, the oven being converted into 
a fire-place without any hot-air chambers 
or large horizontal flue. The reason why 
the wagon plan is not in more general use, 
is owing to the wagon being so soon burnt 
out, arising from the strong draught. It is 
an almost universally received opinion that 
horizontal flues check a draught; but this, 
I conceive, arises from their being generally 
made of the same size as the flue of the 
chimney. 

“ Have not some of the recent builders of 
long chimneys, to supersede several smaller 
ones, planted them at some distance from 
their furnaces, and made a horizontal flue 
to carry all their draughts to the chimney ? 
and when they have turned the first draught 
into it they have had a very strong one; 
but as they have added the others, the 
draught has progressively diminished. The 
width of the large chimney is made too large 
for one draught, consequently the atmos- 
phere would descend the chimney and create 
a down-draught, diminishing the advantage 
of its height for one draught; but, as the 
rest of the draughts were put in, the down- 
draught would be less and less, and when all 
were put in, the smoke and hot air would 
fill the chimney to the top, having the 
whole benefit which its elevation is supposed 
to give,—demonstrating, as I conceive, that 
the horizontal flue, which was constructed 
wide for several flues to run into, is the 
occasion of the superior draught, when only 
one was put in, and not the long chimney. 

“As respects the smoke when it is pass- 
ing through the proposed flue, from the 
great space it has to pass in, it 


moves slowly along, though the draught is 
quick. From this circumstunce, and the 
rarefaction of the air in it, he conceives it 
will have time to condense and fall to the 
bottom of the flue before it arrives at the 








chimney. But to render this desirable ob- 
ject more complete, he thinks that if the 
condensing water from the engine was in- 
troduced by a siphon pipe into the flue 
next to the furnace, and passed along its 
whole length in a gutter, and taken out 
near the chimney by another siphon pipe, 
the steam that would arise from the 
water would partly be absorbed by the 
floating. particles of soot, and sooner fall to 
the bottom. 

“The writer, some time ago, erected a 
flue, or chambers, similar to what he has 
described, to destroy coal tar. He set fire 
to a quantity of shavings in the flue, and 
then lighted the coal tar in the fire-place, 
calculating that it would burn slowly, and 
that the soot would all be deposited at the 
bottom of the flue. When ignited, it 
blazed most furiously, and passed through 
the small into the large flue with such 
rapidity, owing to the intense draught, and 
the flame was carried such a distance in, 
that the chamber would soon have been 
destroyed, being covered with flags, that he 
had it put out as expeditiously as possible. 
He then had small low arches built over 
the fire-place, leaving out a brick here and 
there, by which means he checked the 
draught, which was still sufficiently strong 
for the purpose, and not a particle of soot 
issued from the chimney, all being de- 
posited at the bottom of the flue. The 
chimney, if it could be so called, was not 
more than eighteen inches high, and not 
more than three feet above the level of the 
flue from the fire-place. 

(Signed) “A Constant Reaper.” 

The writer of the foregoing letter was a 
well-known engineer in Manchester, and at 
the time of its publication, his opinions on 
the subject treated on, were highly valued 
by several of the manufacturers, who 
placed the matter in my hands for the pur- 
pose of investigation, and the result was 
the following letter addressed to the editor 
of the same paper :— 

“The proposal of your correspondent for 
attaching long horizontal flues or chambers 
to steam-engine furnaces, if carried into 
effect, so far from serving as a substitute 
for long chimneys, would render them 
more than ever necessary. Nothing can 
be better established among practical men 
conversant with the subject than the fact, 
that every interruption or bend in the flue 
of a furnace, acts as a check to the draught, 
and where such checks or interruptions 











138 VAN NOSTRAND’S ENGINFERING MAGAZINE. 





occur, there is generally found a deposit of 
soot or dust, which otherwise would have 
found its way through the flue and out at 
the chimney top. 

“With respect to the strong draughts 
generally obtained at a malt-kiln or a ba- 
ker’s oven, very little consideration is re- 
quired to see that the draught in such cases 
depends upon quite a different principle to 
that of a steam-engine furnace. In those, 
the draught is, in great part, owing to the 
great mass of brickwork and other materi- 
als (generally substances that retain heat a 
long time) used in their construction, be- 
coming heated to a considerable degree at 
the commencement, and from which, by the 
nature of the operations carried on, the heat 
is but slowly abstracted. Hence the veloc- 
ity of the current of air passing through the 
furnace is accelerated in proportion to the 
length of the flues, or area of heated sur- 
face, and a very small chimney is therefore 
sufficient. Whereas, in the case of a steam 
engine boiler, things are very different, for 
here we have the fire generally surrounded 
by an extensive surface of iron plate, kept 
comparatively cool by the contained water 
rapidly abstracting the heat in the genera- 
tion of steam. And, in order that this ab- 
straction of the heat by the water should be 
as complete as possible, before the smoke is 
allowed to pass off into the chimney, num- 
berless contrivances have been resorted to; 
as is exemplified in the multiflue boiler of 
Messrs. Booth and Stephenson, to the appli- 
cation of which to locomotive purposes, we 
are undoubtedly indebted for the only effi- 
cient system of economical travelling by 
railway. 

“You must easily perceive, that with any 
regard to economy especially, how impor- 
tant itis in the generation of steam, that 
the smoke should Jeave the boiler at a com- 
paratively low temperature; and if so, its 
tendency to ascend must be very small; 
particularly when you recollect that carbon- 
ic acid, which is one of the principal prod- 
ucts of the combustion of coal, is considera- 
bly heavier than atmospheric air of the 
same temperature. Hence exists the abso- 
lute necessity of assisting the draught by 
the superior levity of a column of heated 
air, as compared to that of a similar column 
of the external atmosphere, the pressure of 
which, by a well-known hydrostatical law, 
is in a certain direct ratio to its perpendicu- 
lar height, and is quite independent of its 
other dimensions. 





“Tt requires no theoretical elucidation, 
and very little scientific knowledge, to un- 
derstand the great difference there is in 
principle between the firing of a steam-en- 
gine boiler and the heating of a baker’s 
oven. Almost any one, I should think, 
who pays common attention to such sub- 
jects must be aware of it; and the same 
may be said of a gas retort furnace, or of a 
brick-kiln. In these it is the mass of non- 
conducting matter heated, and the slow ab- 
straction of this heat, leaving a large sur- 
plus to pass up the chimney, which is the 
principal cause of draught. On the con- 
trary, in the furnace of a steam-engine 
boiler, the largest possible quantity of heat- 
ing surface (but as regards its effects on 
the draught it may more properly be called 
cooling surface), composed of the best con- 
ducting substance, is, or ought to be, ex. 
posed to the current of hot air; consequent- 
ly the main flues and chimneys of such fur- 
naces are nearly as cool as the external at- 
mosphere. Therefore, unless an artificial 
blast is used, as in the locomotives and 
some other high-pressure engines, the 
adoption of long chimneys is altogether un- 
avoidable. 

“Tf manufacturers who employ steam- 
engines were at all likely to be induced to 
increase so important an item of their ex- 
penditure as that of fuel, for the mere pur- 
pose of heating their chimneys—which is 
evidently the principle of your correspond- 
ent’s scheme—it might be worth while 
showing him that the great desideratum of 
smoke burning would thereby be rendered 
more difficult of attainment than ever. Of 
this, indeed any one who admits the facts, 
which all must do—that for burning or pre- 
venting smoke we require an increased heat 
of the fire, and for increasing the heat of 
the fire we require an increased draught 
through the fire, rather than through the 
flue—it is only necessary to observe what 
takes place when a chimney is on fire, to be 
convinced of what I now state. In such 
case the draught is all in the flue instead of 
the fire-place, where it ought to be; and, 
of course, the heat is then all at the wrong 
end of the chimney. 

“That checking the draught of a furnace 
by brickwork or other obstructions in the 
flues, may be termed a preventive of 
smoke, is admitted—partly by causing a 
deposit of soot in the flues, but principally 
from the smoke not being so rapidly gene- 
rated. In the latter particular it bears 
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some resemblance to many other plans 
strongly recommended in your and other 
papers for years past, as I have no doubt 
many other similar plans will, for good and 
substantial reasons, independent of their 
merits or demerits, continue to be recom- 
mended for years to come. The principle 
of all the plans we are alluding to is the 
same, and equivalent to the notable expe- 
dient of keeping the furnace-déor open 
until the fire ceases to smoke. In other 
words, they amount, in the generality of 
cases, to a complete conversion of the fur- 
nace, for a time, to the condition of a com- 
mon open house-fire. Of course, under 
such circumstances, the prevention of much 
smoke becomes a very easy matter, for 
very little is generated; and owing to the 
same circumstances, I must also add, very 
little steam ! 
(Signed) 
“Aw Apvocate ror Lone Carmyeys.” 


EXAMPLES OF ENGINE CHIMNEYS. 


The Mayfield Experimental Chimneys. 
—The original design for the proportions 
and dimensions of this chimney were made 
by the author for the well-known firm of 
Thomas Hoyle & Sons, the eminent calico 
printers of Manchester, and the chimney 
was erected for them by the equally well- 
known builders, Messrs. David Bellhouse 
& Sons, of that city, several years ago. 
Its total cost, including the foundation, 
which was 10 ft. deep, by 15 ft. square 
at the bottom, very little exceeded £100. 

The shaft of this chimney is octagonal in 
plan, about 2 ft. 104 in. wide externally at 
the top, and 5 ft. at bottom. It stands on 
a pedestal of 8 ft. square, which together 
with the shaft make up a total height of 90 
ft. from the ground—that being the lowest 
elevation allowed by the police regulations 
of the then borough of Manchester. The 
whole height from the base of the founda- 
tion being 100 ft., and about 88 ft. from 
the level of the fire-grate, which is the 
proper datum line from which all calcula- 
tion respecting the draught is to be taken. 
The whole, excepting the stone cap and 
cornice, being of brickwork. 

The shaft has a batter, externally of one 
inch to the yard, which is the usual rate, 
in this part of Lancashire. In the northern 
and hilly parts of the county—say about 
Preston and Oldham—a batter of one and 
a quarter inch to the yard is more gene- 
rally used. 





The work at the bottom of the shaft is 
19 in. thick, and that ofthe topis9 in. The 
shaft is entirely octagonal inside throughout 
down to the bottom, and externally to the 
top of the pedestal. 

The internal capacity of the chimney, 
together with the short flue connecting it 
with the boiler, to which it is attached, is 
about 50 cubic yards. 

The internal horizontal area of the nar- 
rowest part of the aperture at the top of 
the chimney is about 1,000 sq. in., which, 
as it was intended to make the chimney 
large enough for about 50 horse power, 
gives about 20 sq. in. area for each horse 
power; while, as above stated, there was 
about one cubic yard capacity in the chim- 
ney for the same. 

Although the proportion of 20 sq. in. 
area of chimney aperture, for each horse 
power of a steam-engine, had been generally 
accounted in Lancashire to be “ according 
to Boulton and Watt,” neither that nor the 
proportion of a cubic yard of capacity per 
horse power was adopted from any 
theoretical rule or previously determined 
opinion, excepting that they were nearly 
the average of some of the best chimneys 
we were then well acquainted with. For, 
although Tredgold’s rule had been pub- 
lished a few years previously, and was 
generally considered to be founded on 
principles pretty nearly correct, it was very 
evident that author had not himself suffi- 
cient knowledge of the working of steam- 
engines to enable him to obtain proper 
constants for the practical application of 
his own calculations, simple and admirable 
as the latter generally were. There only, 
in fact, wanted a more careful selection of 
data to render his formule highly valuable 
to the practical engine-maker. 

The proprietors of the Mayfield Print- 
works—the intimate friends, disciples and 
patrons of the celebrated John Dalton, the 
great reformer of chemistry, who was at 
the time of these experiments, as he had 
been for some years previously, our con- 
stant visitor and adviser in scientific matters 
—were not the kind of men to be easily led 
astray by Tredgold’s, or any other mere 
theoretical rules about steam-engines, how- 
ever flourishing the algebra by which they 
might be surrounded. They had in fact 
wisely resolved to erect this experimental 
chimney for the very purpose of acquiring 
for themselves accurate experimental knowl- 
edge and correct practical data in all that 
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relates to chimneys and boilers; including 
also, though not at the time an essential 
object, a little smoke burning by the way ; 
in all of which, not only Tredgold, but most 
other theoretical writers on the steam-engine, 
appeared to them clear!y deficient. 

On referring to Tredgold’s rule, in his 
well-known work “The Steam Engine,” 
we found him recommending what rendered 
his authority entirely nugatory in the mat- 
ter of chimneys—namely, that “a chimney 
of double the size given by the rule should 
be built;” and, as if conscious of the great 
inconsistency—to say the least—of giving 
us this kind of instruction, he adds the fol- 
lowing very lame reason: “ because the 
expense,” he states, “ bears a small ratio 
to the increase of size, and it may after- 
wards be convenient if considerably larger 
than is necessary for the engine it is erected 
for!” Now, although Tredgold, justly or 
unjustly, up to that time had stood foremost 
in the application of high mathematical 
acquirements to the improvement of the 
steam-engine, advice of this kind necessarily 
demolished all confidence in his book as a 
scientific guide on the subject of chimneys. 

The extract above quoted from Tredgold 
is followed up by an example in which the 
side of a square chimney for a 40-horse 
engine is calculated to be equal to 23 in. 
“But” he adds, “I would advise to build 
a chimney 33 in. square!” 

The rule and the example, as given in 
Woolhouse’s edition of Tredgold’s work 
(Art. 275), published in 1833, after the 
author’s death, are as follows :— 

“ Route.—The area of a chimney in inches, 
for a low-pressure steam engine, when 
above 10 horse power, should be 112 times 
the horse power of the engine, divided by 
the square root of the height of the chim- 
ney in feet. 

“Exampre.—Required the area of a chim- 
ney for an engine of 40-horse power, the 
height of it being 70 ft. 

“ In this case 


40112 4480 


~ 4/70 — = 8.4 == 533.2 8q. in. 


The square root of this is 23 in., which 
will be the side of a square chimney. Or, 
multiply 533 by 1.27, and extract the square 
root for the diameter of a circular one.” 

Now, as my present purpose is the prac- 
tical one of showing how a chimney for the 
furnace of a steam-engine boiler ought to 
be built, and what are its proportions, in 








order best to answer the object in view, 
namely, the obtainment of a good draught 
with stability and economy—lI shall, at least 
in the first instance, purposely waive all 
theoretical refinements of calculation until a 
rough outline of the method of proceeding 
be fairly established. To effect this in the 
most simple and direct manner, I depend far 
more on practice than theory, on example 
rather than precept—a mode of procedure 
analagous to that of teaching any common 
mechanical trade, which I have occasionally 
resorted to on other subjects, with a certain 
measure of success. 

In Weale’s large edition of ‘ Tredgold on 
the Steam Engine,” in 4 quarto volumes, 
1852, edited up to page 116, by the late 
Professor James Hann, of King’s College, 
and thence up to page 308 by the present 
writer, I gave, in the notes, some examples 
of these calculations for chimneys adapted 
to practical data first discovered—at least, 
collected and arranged—by the late Joshua 
Milne, Esq., of Shaw, near Oldham, some 
years prior to the first publication of Tred- 
gold’s work, in which the area of the chim- 
ney is expressed in square feet instead of 
inches. Adapting Tredgold’s rule to Mr. 
Milne’s data, it only requires the constant 
multiplier 112 to be substituted by 280, and 
the calculation in the above case will then 
stand as follows: 


—__— = == 1,833 sq. in, 


instead of 533; a result nearly three times 
as much as that obtained by 'redgold, and 
the square root of which is 36} in. for the 
side of the square chimney, instead of 23 in., 
as before. ‘That is to say, about 3 ft. and 2 
ft. square, respectively. 

It is obviously much better to simplify 
such practical rules as these, by using the 
same denomination for both dimensions, the 
height and the area, or the diameter of the 
chimney. And since the large expensive 
edition of Tredgold as above referred to, as 
published by Weale, which has been until 
recently in a great measure a sealed book 
to many practical men, is now in the hands 
of a more liberal and enterprising publisher, 
who has made it more accessible by reduc- 
ing it to less than one-half its former price, 
we have some pleasure in promoting its 
utility in the same direction, by adding here, 
as was partially attempted in that work, a 
formula which includes Milne’s constant, 
for ready computation by instrumental in- 
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spéction, as well as by common arithmetic, 
so that every intelligent operative who 
honors these pages by his perusal and 
carries a slide-rule, has always at hand a 
ready mode of verifying the truth of our 
statements, and comparing them with those 
of Tredgold, or any other authority. 


SLIDE-RULE FORMULA FOR HORSE POWER OF 


CHIMNEYS. 
ee Con- § Tredgold 112 
a _ - meneed stants Milne ... 28u 
9 | 8q. root of height in ft.| Nom H. Power. 





Tredgold’s example for a.40-horse engine 
before referred to—- 











A | Area=533 in. /Tredgold’s Cons.=112 
0 |lV7U=8.4 tt. |Nom H. P. = 4 
Milne’s Const. = 280 
Nom. H. P. = 16 


In his arithmetical rule, instead of a 
multiplier, Milne used a divisor for a con- 
stant number, and was in words as fol- 
lows :— 

Rvu.e.—Multiply the square root of the 
height of the chimney in feet, by the square 
of its internal diameter at its top or 
narrowest part also in feet, and half the 
product will be the nominal horse-power 
that the chimney is equal to. 

Taking the same example as before, it is 
by arithmetic— 


V70 X (1ft. 11in., or) 1 92* 8.4 3.68__ 


5 45 
divided by 2 - 2 aes 





horse power ; and by the slide rule it is ap- 
proximately— 
A |Diam.|?= 3. 68) 
9 'V height =8.4)/Horse power = 15.4 


Cons. divisor 2 





After we first published these chimney 
rules, at the desire of Mr. Milne, several 
years ago, apprising him at the time of the 
wide difference between his and Tredgold’s 
results, we soon found, and he admitted, that 
a somewhat smaller proportion of chimney 
area would be more nearly in accordance 
with the general practice throughout the 
country, more especially where a better 
quality of coal was burned than that ordi- 
narily used at the factories in Oldham, 
where, from the peculiar quality of the 
cotton manufacture carried on there— 
spinning coarse cotton, waste, and shoddy 
—a larger measure of work was usually 
allowed for a nominal horse power than 
elsewhere. In fact, two indicated horse- 











power for one nominal, was then the regular 
Oldham measure for steam-engines. 

If we take Tredgold’s advice, and give 
double the area of chimney-top obtained by 
his rule, then the adoption of 1} instead of 
2 for a constant divisor will give that result 
which we may conveniently call the actual 
instead of the nominal, or Oldham horse 
power, which will still, as it ought, be con- 
siderably in excess of the indicated power 
of steam-engines in general. 

In illustration of this, take— 

Example 2.—Required the number of 
horse power most suitable in connection 
with the experimental chimney at Mayfield 
already described; the height above the 
level of the fire-bars being 88 ft., and the 
inside diameter at the top 2 ft. 10} in. 

SOLUTION BY SLIDE-RULE. 


(Slide inverted as before.) 





A | Diam. 216. 104 mn. |?==2.877==3.26 
0 | Vt, (85) = 9.38 
New Const. == 1.15 
Answer 51 H, P. 


Example 3.—Another new chimney 
erected the same year, in the same works 
(Thomas Hoyle & Sons), was 3} ft. diame- 
ter by 40 yards high. Required the horse 
power it is equal to. 





SOLUTION. 


A | Diam. 3} ft. |? = 12} | Const. number 14 





e) Vhbt. (izv)=11 | Horse power v0 


The chimney in this example (5) was 
erected in November of the same year, and 
by the same builder as that in Example 2. 
It was built with similar materials in the 
same manner like the preceding chimney. 
The shaft was octagonal, but higher in 
proportion to its area than the former, for 
the purpose of carrying away the smoke 
from contact with some adjacent buildings, 
and the cost was about double that of the 
experimental chimney. By which it will 
be seen that we had arrived at a fair 
average cost of chimney-building in pro- 
portion to the power capable of being pro- 
duced in that way, so far as chimneys of 
this character, and from 30 to 40 yards 
high, are concerned—namely, about £2 per 
horse power. 

The very many practical tests of various 
kinds that were applied to these two chim- 
neys, during several successsive years, such 
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as finding that the second chimney was 
equally applicable to two as the first or 
experimental chimney was to one boiler of 
similar size, not much over or under 45 or 
50 horse each, convinced us that we had 
approximated near to the data we were in 
quest of. 

The Duckinfield Bleach Works, Chim- 
ney and Furnaces.—The subject of our 
next example in chimney building served 
still further to corroborate our Mayfield ex- 
periments in all respects except as to cost, 
which of course greatly diminished as the 
scale of our operations became larger. 

This chimney was erected early in the 
spring of the year following the completion 
of those last named, at Messrs. Hoyle & 
Sons’ New Bleach Works, then erecting at 
Sandy Lane, between Duckinfield and Sta- 
leybridge. 

In the planning of the chimney and flues, 
and furnishing the designs, with all their 
details, and four large boilers, for which the 
writer was more especially engaged, and 
which were expected to furnish from 200 to 
300 horse power of steam, we had the valu- 
able assistance of Mr. John Graham,* after- 
wards a member of the firm, and whose 
eminent talents as a scientific and practical 
chemist are generally known—as we also 
previously had the cordial assistance, gen- 
eral concurrence and approval of the late 
Mr. Alfred Binyon, the then managing 
partner. 

Example 4.—The Duckinfield Bleach 
Works chimney was made 45 yards high 
by 6 ft. inside diameter at the top. Re- 
quired the horse power it is equal to. 


SOLUTION. 
A | Diam. 6 ft. |? = 36 |New constant = 1} 











a) \Wht. (135 ft.) = 11.6|Horse power = 278 
Milne’s Const. 2 
- “ 2U8 





The above slide-rule solution for the 
power of this chimney gives two answers to 
the question—namely, 278 and 208 horse 
power, respectively, according as the new 
constant 1}, or Milne’s old constant 2, are 





* See a valuable paper by this gentleman in vol. xv. of the 
“Transactions of the Literary and Philosophical Society of 
Manchester,” for the years 1857-8, A portion of it was also 
republished in the ‘* Engineer” newspaper for March 12, 1858, 
which gave an account of a series of evaporating experiments, 
made for the purpose of testing the economy of fuel and man- 
agement effected at these boilers and furnaces through a series 
of successive years, which will well repay perusal, and will be 
— adverted to in a subsequent part or appendix to this 
work, 





used as gauge points. In this case the dat- 
ter was preferred, as giving the most cor- 
rect result, by reason of the kind of fuel in- 
tended to be consumed being of the same or 
similar inferior quality to that already re- 
ferred to as being in general use within the 
parish of Oldham, to which these works 
were nearly adjoining. Facility in obtain- 
ing this cheap fuel—known as “ burgey” 
and “slack ”—being one of the chief rea- 
sons for erecting the works in this particu- 
lar locality. 


THE EXPERIMENTAL BOILERS. 


In the collection of data for steam-engine 
chimneys, it would be a great omission to 
leave out the particular dimensions of the 
boiler, to cause the efficient working of 
which is, in fact, the only profitable work 
the chimney has to do. 

The boiler, for which the Mayfield ex- 
perimental chimney was erected, was de- 
signed by the writer, as was also the chim- 
ney, as already stated, specially for experi- 
mental purposes, in acqu‘ring all practical 
information on the subject previous to 
commencing the construction of Messrs. 
Hoyle & Sons’ new Bleaching and Calico- 
printing Works at Duckinfield, near Staley- 
bridge. For this purpose I did not hesitate 
to recommend the plainest and simplest 
form of boiler that can be conceived—- 
namely, a plain cylinder, laid horizontally, 
or nearly so, with the fire to go underneath 
it at one end, and out to the chimney at the 
other, which may now be described. 

This experimental boiler was of the 
“direct draught” kind, that is, without re- 
turn flues, and this one had no flues of any 
kind, either inside or out. The boiler 
and chimney were, therefore both of the 
simplest possible kind, and for that reason, 
made mutual tests of their respective capa- 
bilities through a long series of very accu- 
rate experiments relative to economy of fuel, 
as an as to the efficiency of various 
methods of smoke prevention, or smoke 
burning, as it was then popularly termed, 
and other matters of interest to the pro- 
prietors. Improvments in smoke preven- 
tion especially were freely invited from all 
quarters, and this was the boiler at which 
very many different plans for the purpose 
were tried. 

This kind of boiler was fully described in 
the author’s “ Essay on the Boilers of Steam 
Engines ” (1839), and the principal dimen- 
sions of this one, as there given, need only 
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be shortly referred to here. It was in 
shape cylindrical, and fully equal to 30 
horse power, being 334 ft. long by 5} di- 
ameter, and “set up,” or rather hung, by 
means of cast-iron brackets riveted to the 
sides, and resting on the side walls of the 
furnace, so that the whole of the lower half 
of its convex surface, about 32 square 
yards, was exposed to the direct action of 
the fire and flame. 

The fire-grate, placed about 22 in. below 
the bottom of the boiler, was 5} ft. square, 
or equal to about 30 sq. ft. in area, and 
was composed of one length of fire-bars, 
each 1? in. thick on the face, with air- 
spaces of ,5; to 2 of an inch wide between 
them. 

This boiler supplied steam to an old 
Boulton and Watt condensing engine of 16- 
horse power, by Messrs. Sherratt, of Sal- 
ford, loaded so as to require seldom less 
than 24 cubic feet of water to be evaporated 
per hour at a pressure of exactly 4 Ibs. per 
sq. in. It also supplied steam for heating 
drying cylinders, for boiling water, and for 
a great variety of other purposes, amount- 
ing at times to nearly as much as the engine 
required itself. The least average evapora- 
tion for a whole day together was 33, and 
the greatest 45 cubic feet per hour. The 
lower amount was, of course, obtained at 
the most economical rate, namely, at about 
6 lbs. of water evaporated for each pound of 
common coal burned. It was, therefore, 
considered to be full 30-horse power. A 
cubic foot of water evaporated per hour 
being generally considered amply sufficient 
to supply steam for each horse power (nom- 
inal) of a Boulton and Watt or low-pressure 
engine in good order, however it might be 
at times overloaded. 

Although this evaporation of a cubic foot, 
or a little over six imperial gallons of water, 
of 10 lbs. each, is what boilermakers have 
universally, and practical engineers com- 
monly, agreed to consider nominally a boiler 
horse power, there is no doubt, however, 
that the same weight of water, as steam, at 
a higher pressure can easily be, and is fre- 
quently, made to work two or three indi- 
cated horse power in a modern steam- 
engine, accordingly as the latter is arranged 
to work to a greater or less extent expan- 
sively. 

This boiler was made of Low Moor iron 
ys in. thick, except the bottom row of 
plates, which were 3 in. and the flat ends 
ts by Mr. Fairbairn, of Manchester, who 





had just previously commenced the boiler- 
making business, and was then -a staunch 
advocate for introducing the long Cornish 
high-pressure boiler, with its one large in- 
ternal furnace-flue, and single furnace- 
grate. Instead of that kind of boiler, now 
much less used, except in Wales and Corn- 
wall, I persisted in advising the simple and 
elementary form of boiler now described. 
It was also suspended by bracket flanges in 
the cheap and simple manner above men- 
tioned, in accordance with the universal 
dogma of its strictly utilitarian owners, 
which in this, as in all other business mat- 
ters connected with the works, was never 
lost sight of for a moment,—in order that 
any alterations or improvements that might 
be found expedient, either in the construc- 
tion of the boiler, or erection of the brick- 
work, might be in the shape of additions 
merely, and therefor capable of being sep- 
arately proved, both as to first cost and 
utility, and also that our experiments might 
be carried on for a sufficient length of time, 
without the usual liability to interruption 
from the necessity of cleaning out of flues 
or otherwise. 

The last-mentioned particular in the erec- 
tion of this boiler was of considerable im- 
portance in thus attaining the main object 
we had in view, as well as in accomplishing 
another object greatly desired by the ben- 
evolent proprietors of the works, that of 
doing away with the degrading practice of 
sweeping out the flues by means of men, or 
rather boys, crawling through them. 

Trifling as a small matter of this kind 
may appear to some, it is important to show 
that, in this instance at least, it was attend- 
ed by considerable economy. Cast-iron 


lugs or brackets, with broad flanges, were 


riveted along each side of the boiler, a little 
above the intended surface level of the 
water, and these brackets rested on the tops 
of the two vertical side walls of the furnace 
and flame-bed. The boiler thus suspended 
between the two side walls was then ad- 
justed, not quite horizontally, but slightly 
inclined, with a fall of about 8 in. towards 
the front end, so that a greater proportion 
of the water was brought immediately over 
the fire-grate. 

This arrangement of the flame-bed and 
seating, or side walls, of the boiler, formed 
a chamber or receptacle, large enough to 
hold all the flue-dust and dirt that could be 
found from the use of any kind of coal 
whatever, for a considerable time. In fact, 
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although the boiler was every day at work, 
the flame-bed did not require any cleaning 
out, even at the end of nearly two years,— 
when, as ‘an opportunity occurred, several 
cart-loads of flue-dust were removed from 
under the boiler at one time. The occasion 
of having this operation performed, dis- 
covered to us a circumstance, which is some- 
times the cause of great disappointment to 
the expectations of parties who, for the first 
time, have boilers erected on this direct 
draught plav, which requires an explana- 
in this place. 

At all direct draught boilers, it is usual 
to have, and highly necessary that there 
should be, two or more transverse “ check ” 
or flame-bridges, in addition to the ordinary 
fire-bridge, carried up to within 6 or 7 in. 
of the boiler bottom; but in this case, there 
was, in the first instance, only one of these 
additional bridges, and the man employed 
to get out the flue-dust had, in order to 
make an easier passage for himself, removed 
two or three courses of brick-work from the 
top of the flame-bridge, and neglected to 
replace them again. The consequence was, 
that on the boiler commencing work again, 
a clear loss of 15 per cent. in fuel was de- 
tected immediately, besides the overheating 
of the damper-plate and brickwork of the 
chimney entrance, which evils were, of 
course, quickly rectified by replacing the 
brickwork. Although no very great nicety 
is required in adjusting the height of these 
flame-bridges, and an inch or two higher or 
lower may not make much difference in the 
economy of fuel; but the extent of 8 or 9 
in. in depth of the air passage over them, 
when there is already a depth of the same 
extent in the throat area over the furnace- 
bridge, will at any time cause an exorbitant 
waste of fuel. 

The fact of an error of this kind, which 
is very liable to be passed over unnoticed 
by ordinary bricklayers and boiler-setters, 
unless very carefully supervised, has been 
frequently the occasion of much error in 
experiments on the economy of fuel. It is 
all the more necessary to mention the 
above circumstances here, because, since 
my description of the direct draught method 
of setting boilers was first published in 
1837-8, I have occasionally had complaints 
from parties who had been induced to 
adopt the direct plan, but had not suc- 
ceeded in realizing any moderate measure 
of economy therefrom, and had, in conse- 
quence, too readily, or without sufficient ex- 





amination, given it up, and returned again 
to the wheel-draught, narrow flue system, 
with its little army of chimney-sweeps, 
boiler-menders, and laborers, and all its 
other disagreeable and expensive accom- 
paniments of Sunday work, over-work, and 
night-work. It is, however, but fair to 
state that extreme cases of this kind have 
been mostly confined to the South of Eng- 
land and the metropolis, where the ex- 
travagant use of flaming Newcastle or 
Hartiey coal, with very much unnecessary 
stoking of the fires, is still continued. 
These results have been helped not a little, 
perhaps, by the prognostications of many 
of the old school of bricklayers, that the 
direct draught plan would “send all the 
heat up the chimney,” and who too often 
testify their sincerity in such a belief by 
taking especial care to build their chimneys 
and flues very narrow and very crooked. 

The prejudices of some of the attendants 
of engines in London in favor of much 
stoking and hard firing, which is literally 
working hard at wasting coal, are difficult 
to account for, especially when found 
among persons not notorious for working 
hard at anything else; but a residence 
among them of any one whose business is 
to save fuel, will very soon convince him of 
the fact. Hence a more careful attention 
to the condition of all the bridges under a 
boiler is a necessity which ought never to 
be neglected. 


* 
INSTRUCTIONS TO STOKERS. 


1, Engineers and firemen who would keep 
steam with economy, should do with as lit- 
tle stoking or stirring of the fire as possible, 


ifany. In order to do so, they should see 
before starting that the furnace is properly 
constructed for the purpose, and large 
enough for the quantity of steam required. 
The fire-grate should have about 1 sq. ft. of 
effective fire-bar surface for each nominal 
horse-power of the engine, or for each cubic 
foot of water required to be boiled away per 
hour. ‘The fire-bars may be from } to 3 in. 
thick on the face with } to 3-in. draught 
spaces between them, and with joggles to 
keep them asunder nearly the whole depth 
of the bar. The boiler should have, at 
least, 8 or 10 sq. ft. of heating surface per 
horse, and the chimney should be of suffi- 
cient capacity to create a draught into the 
furnace equal to the pressure of a column 
of water 3 to 3 in. deep, when the damper 
is set wide open. 
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2. In firing, spread the large and small 
coals (equally mixed) on all parts of the 
grate, thicker at the back of the grate near 
the bridge than at the front, because the 
draught is there the strongest, and the coals 
burn away the quickest. 

3. The fire should never be less than 
about 3 or 4 inches thick in the middle of 
its length, 2 or 3 in. in front, and 6 or 8 in. 
at the back of the grate. In no case should 
the fire exceed double the depth here stated ; 
and never more than two-thirds of the fire- 
grate should be entirely covered with fresh 
coals at one time. 

4. Ifa regularly uniform supply of steam 
is required and the damper quite up, the 
quantity of fuel on the grate may be grad- 
ually increased; but when an increasing 
quantity of steam is wanted, the average 
thickness or quantity of fuel on the grate 
must not then be increased, but ought rath- 
er to be diminished, and supplied by small- 
er quantities at a time, and more frequently. 
So soon, however, as the supply of steam 
exceeds the demand, the coal must again be 
supplied by larger quantities at a time, reg- 
ularly increasing the quantity of fuel in the 
grate as before. On the other hand, when 
a diminished supply of steam is required, 
close the damper a little, and take the 
opportunity of levelling the fire or cleaning 
the fire-bars, doing one-half of the grate at 
a time. 

5. A steam-engine furnace worked in 
this way will make very little smoke ; or, if 
any, it may be prevented when desirable 
by opening the fire-door 2 or 3 in. for 1 or 
2 min. after each firing. Bearing in mind 
that the production of steam is commonly 
lessened by doing so, but so is the consump- 
tion of the fuel. 

6. Stokers should understand that they 
are not to make a business of “ stoking,” 
but to leave it off entirely, excepting only 
when preparing to clear out the grate from 
clinkers and rubbish, which requires to be 
done generally three or four times a day 
with average qualities of coal ; convenient 
times being chosen for the purpose when 
there is the least demand for steam. 

7. A fireman’s business is, first, to see, 
before the fire-door is opened, that no coal 
is left in the heap ready for going on big- 
ger than a man’s fist; and that very small 
coal or slack is wetted, or at least damp, as 
well as a little water always in the ash-pit. 
Then begin by charging into the farther 
end of the furnace, reaching to about one- 

Vo. IX.—No. 2—10 





third the length of the grate from the 
bridge, as rapidly as possible, from a dozen 
to twenty or thirty spadefuls of coals, until 
they form a bank reaching nearly or quite 
up to the top of the bridge, and then shut 
the fire-door, until the other fires, if there 
are any, are served in the same way. 

8. In firing up, throw the coals over the 
rest of the grate by scattering them evenly 
from side to side, but thinner at the front, 
near the dead plate, than at the middle or 
back. In this manner keep the fuel mode- 
rately thick and level across the bars, but 
always thicker at the back than the front, 
not by pushing the fire in, but by throwing 
the coals on exactly where they are 
wanted. 

9. Never for a moment leave any por- 
tion of the bars uncovered, which must be 
prevented by throwing or pitching a spade- 
ful of coals right into any hollow or thin 
place that appears; and always remember 
that three or four spadefuls thrown quickly 
one on the top of the other, will make no 
more smoke than one, and generally less. 
But all depends on doing it quickly; that 
being the main, if not the only point in 
which freedom from smoke and economy of 
fuel agree. Some firemen only put on three 
spadefuls, while another can put on four, 
and make 20 per cent. more steam in the 
same time by doing it. 

10. In replenishing the fire, take every 
opportunity of keeping up the bank of fuel 
at the bridge, by re-charging it, one side at 
atime. Whenever this bank is burnt en- 
tirely through, or low, and also when the 
fire is in a low state generaily, take the 
rake and draw back the half-burnt fuel, 12 
or 18 in. from the bridge, and re-charge 
fresh coal into its place, upou the bare fire- 
bars as at first. 

11. An engine fire tended in this way 
will consume its own smoke without diffi- 
culty, simply by admitting a very moderate 
supply of air (which for safety to the boiler 
should be heated) at the bridge, this being 
a more certain and economical mode of 
prevention than that of diluting the smoke 
by the admission of much cold air at the 
fire-doors. 

12. It may be set down as an axiom that 
a steam-engine chimney cannot be too 
large, if only provided with a damper, al- 
though ninety-nine in one hundred, at the 
present time, are decidedly too small. 
They are unable to create a sufficient 
draught of air through the furnace, conse- 
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quently a smoky flame is produced, instead 
of a flame with little or no smoke. 

13. Want of chimney draught is a defect 
which no smoke-consuming furnace in the 
world can remedy, whether using hot air 
or cold, unless by the application of an 
artificial blast, which commonly costs as 
much to work as the heat it creates is 
worth. 


14. It being impossible to consume 


smoke without great heat, which requires a | 
good draught, and difficult to get a good | 


draught without a large chimney, I here 
set down a table of chimney proportions, 


which have been practically proved to | 
answer well with the inferior steam coal of } 4 


the manufacturing and midland districts 
for many years past. It is true that some- 
what smaller dimensions might serve where 
the extravagant use of Newcastle coal is 
still continued, as in London; but even 
here those dimensions and proportions 
ought to be adhered to, because of the con- 
stant tendency to increase the engine and 
boiler power, while the same brick chim- 
ney remains. For similar reasons I com- 
mence with a chimney suitable for a 10- 


2. 


horse boiler, although a 5, or even a 
horse engine only, may be required. 








Nominal 
Horse- power 
of Boiler. 


Inside 
Diameter at 
Top. 


Height of Chimney. 





10 
12 
16 
20 
30 
50 
70 
90 
120 
160 
200 
250 


1 ft. 6 in. 
“ 8 “e 
“10 sé 
“oe 0 
“ 6 
e 0 











15. A common low-pressure condensing 
engine is usually overloaded when it has 
less than 25 circular in. in the cylinder 
| for each nominal horse-power ; and a high- 
| pressure non-condensing engine ought to 
| have from 10 to 123, and to be worked at 
double the effective pressure, at the least, 
| of the former, —say 30 to 40 lbs. per square 





inch in the boiler. 


ON THE DURABILITY AND PRESERVATION OF IRON SHIPS, AND 
ON RIVETED JOINTS. 


By Sm WILLIAM FAIRBAIRN, Bart., F.R.S. 


From ‘“ Iron.” 


The disaster which happened to the 
Megeera shows the need of constant in- 
spection of all iron structures. That vessel 
was built by the author in 1849, and, in 
his opinion, would have been perfectly 
sound at the present time if her interior had 
been freely open to inspection, and if. such 
inspection had been regularly carried out. 


Some years ago an alarming report was | 


circulated as to the corrosion of the Menai 
Bridge. The author, on that occasion, 
visited the bridge, and found that no corro- 
sion had taken place; careful attention to 
proper means of prevention having been 
suflicient to preserve the structure. As re- 
gards steamships, the value of periodical 
inspection has been long proved; and it is 
to be hoped that the Admiralty and private 
shipowners will soon recognize the extreme 
importance of similar inspections of all 
iron vessels. 

As respects riveted joints, machine-rivet- 
ing gives (in the author’s opinion) far 


greater security to the work than hand- 
riveting, since, in machine-riveting, there 
is much greater certainty of the holes being 


properly filled by the rivet. The rate at 
which riveting can be done is sixteen 
rivets per minute with a lever riveting ma- 
chine, ten rivets per minute with a steam 
‘riveting machine, and 0.66 rivet per 
minute when the riveting is done by hand. 
In every respect, therefore, the advantage 
is on the side of the machine. 

In 1860, the author communicated to the 
Royal Society a series of experiments on 
the strength of riveted joints. Those ex- 
periments showed that, taking the strength 
of a solid plate at 100, the strength of an 
equal width of riveted joint would be 70 if 
the joint were double riveted, and 46 if the 
joint were single riveted; in other words, 
30 per cent. of strength is lost in a double 
riveted joint, and 44 per cent. in a single 
riveted joint. ; 

Since that time it has appeared to some 
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engineers that the process of punching was holes, and this had been attributed to the 
injurious to the plates, and in many cases sharpness of the edges of the drilled holes. 
recourse had been had to drilling to form This point seemed to require investigation, 
the holes for the rivets. ; |and experiments to elucidate the matter 
On ‘this point the author is completely of | have therefore been made. 
opinion that, with good iron, no sensible| The theory that the sharp edges of 
injury can possibly result to the plates from | drilled holes induced a cutting action, 
punching the rivet holes; on the other| which diminished the strength of the rivets, 
hand, with rigid and bad plates, the plate | suggested to Colonel Inglis, R. E., to try 
would undoubtedly crack between the rivet} whether a greater resistance in the joint 
holes, and would therefore have to be dis-| could be obtained by purposely rounding 


carded, a result rather to be hoped for 
than to be deprecated. To the author’s 
mind it is one of the distinct advantages of 
the punching process, that it thus tests the 
quality of the iron which is operated on. 

It had been found in certain cases that 


the rivets sheared across with a less force | 
when in drilled than when in punched 


! 
Number , Diameter; Sectional | Shearing | Shearing 
i - | resistance resistance | 
Experi- | | per square | 
ment, Rivet. Inch. | 


area of 
oO 
| Rivet. Rivet. 
| 
| Sq. Inch. 
decimals, 
554 
528 
bad 
.528 
004 





| Inch 
| decimals, | 


Tons. | Tons. 
10.819 | 
10.879 
10.257 
10.739 
11,221 


528 
606 
514 
339 
254 


19. 
20, 
18, 
20 
20. 
.197 


.528 11 


554 10,85 584 





.528 .276 
23.375 
20. 68: 


24.31% 


.528 
.528 
028 


‘ 


174 


26.464 


-528 





| 
| 
| 
11.2 | 
| 
! 





decimals. 


| off the edges of the rivet holes. Some ex- 
| periments were therefore made by Mr. 
Kirkaldy for Colonel Inglis. The result of 
| these appeared to be that the resistance of 
| the rivet was increased 10 per cent. by this 
| rounding of the edges of the rivet holes. 
The following table is the summary of 


Its obtained by the author :— 


| resu 
Elonga- 
tion of RgMARKS, 
Joint, 





Inch 


Single shear, pnnched holes, machine riveted. 

Single shear, punched holes, hand riveted. 

Single shear, drilled holes, machine riveted 

Single shear, drilled holes, hand riveted. 

Single shear, drilled, edges of plates rounded, 
machine riveted. 

Single shear, punched and countersunk, hand 
riveted. 

Single shear, drilled and countersunk, machine 
riveted. 

Single shear, drilled, edges rounded, counter- 
sunk, hand riveted. 

Double shear, punched, hand riveted, 

Double shear, drilled, hand riveted. 

Doulle shear, drilled, edges rounded, hand 
riveted. 

Double shear, drilled, ed.zes rounded and coun- 
tersunk, hand riveted. 


.190 
-272 

168 
.190 
270 


-240 
- 160 
. 288 


9 


- 


32 








The general conclusions drawn by the | 


author from these experiments are as 
follows :— 

1. Joints, with drilled holes, are weaker, 
and elongate less before fracture, than 
joints with punched holes. The average 
of four experiments in joints with drilled 
holes, compared with the average of four 
experiments in joints with punched holes, 
shows that the rivets in the former are 
1.36 ton per square inch, or 64 per cent., 
weaker than the rivets in the latter. The 
elongation is also 26 per cent. less with 
drilled than with punched holes. 





*This rivet did not shear. The plate broke away. 


2. Ifand-riveted joints are somewhat 
stronger than machine-riveted joints. 

The mean of three experiments on hand- 
riveted joints, compared with the mean of 
three experiments on machine-riveted joints, 
shows an excess of shearing resistance in 
the rivets in the hand-riveted joints, 
amounting to 1.495 ton per square inch, or, 
71 per cent. The hand-riveted joint also 
‘elongates 26 per cent. more than the 
| machine-riveted joiats. 

3. There is a decided increase in the 
strength of the rivet when the edges of the 
rivet holes are rounded, so as to diminish 
their cutting action. 

The mean of three experiments on joints 
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of rounded holes, compared with the mean 
of three experiments on joints with urt- 
rounded punched holes, and with the mean 
of three experiments on joints with un- 
round. d drilled holes, gives the following 
results :— Shearing resistance 
of rivet. 
.e» 21,517 tons per sq. in. | 
pynched. ..20.953 ss as 


? 


drilled... . 19.228 

This shows that the joint with rounded 
holes is, as regards the resistance of the 
rivet, 12 per cent. stronger than the joint 
with drilled holes, but only 23 per cent. | 
stronger than the joint with punched 
holes. 

As regards the apparent superiority of 


Rounded holes 


Unrounded holes. “ “ 


of that bending stress is approximately esti- 
mated, and a rule found for the distance of 
the rivet hole from the edge of the plate. 
When the plate gives way by tearing 
from rivet hole to rivet hole, it is com- 


| monly assumed that the stress on the part 
'of the plate between the rivets is a uni- 


formly distributed stress. This is not 
| strightly correct. The want of uniformity 
_of stress will cause the plate to give way 
with a lower average intensity of stress 
than that which corresponds to the ultimate 
resistance of the plate to tension. How 
much the plate may be weakened by the 
want of uniformity in the distribution of 


| the stress it is impossible to calculate. 


Probably the loss of strength due to this 


hand-riveting as compared with machine- | cause is, in ductile plates, very small; but 
riveting, this is due to the fact that in| this weakening may, nevertheless, account, 
hand-riveted joints the rivet is slightly | in part, for the apparent loss of strength of 
hardened by being hammered after it is the plates at joints, as compared with the 
cold. In small experimental joints hand- same plates broken in an unperforated 
riveting has, therefore, a slight advantage condition. This loss of strength has been 
in point of strength; but the defects of hitherto ascribed entirely to injury done to 
hand-riveting are not likely to be exhibited | the plates in the punching process. 
in experiments on a small scale. | When the rivet gives way by shearing, 
These experiments seem conclusive as to | the stress in the section is also not uniform. 
the inferiority of joints with drilled holes; In consequence of the great deformation of 
and the author must reiterate his conviction | the rivet before fracture, it is subjected to 
that the force used in punching plates is a bending as well as to shearing action. The 
practical test of their quality of great im- | friction between the plates induced by the 
portance, since it tends to prevent the use contraction of the rivets in cooling has been 
of inferior iron. : | supposed sometimes to add to the apparent 
A riveted joint may give way in three resistance of the rivet to shearing. So 
ditferent modes :—1. By the tearing of the | considerable a displacement of the plates, 
plates from the rivet holes to the edges of however, takes place before ultimate frac- 
the plates. 2. By the tearing of the plates | ture, and the deformation of the rivets is 
from rivet hole to rivet hole. 3. By the | s0 great that it can hardly be supposed that 
shearing of the rivet. they exert any tension whilst holding the 
When the plate gives way by tearing | plates together at the moment of fracture. 
from the rivet hole to the edge of the plate, | ‘The fracture should therefore be entirely 
a bending stress is induced in the part of | neglected in estimating the ultimate re- 
the plate in front of the rivet. The amount | sistance of riveted joints. 





PROFESSIONAL TRAINING FOR ENGINEERS. 


From “The Engineer.” 


Practice in the field, and diligent atttend-|ed in particular instances, and the 
ance upon works of a professional character technical means by which difficulties of a 
at the commencement, continuation, and / serious nature are successfully grappled 
termination, are to the intended engineer | with and surmounted. In either case the 
what the hospital curriculum is to the end to be attained is the same, whether 
young surgeon. He there sees and handles | the strain is applied to the human frame or 
the materials with which he has to deal in | to the component parts of some complicated 


the future. He learns by observation and | piece of mechanism or gigantic work of 
assiduity the proper treatment to be adopt- 


construction. A surgeon who had never 
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witnessed an operation could have no more 
idea of the amputation of a limb, than an 
engineer of the driving of a locomotive, who 
had never seen the machine except in a 
picture. There is, in every profession, a 
certain knowledge, an especial description 
of information, a teaching sui generis, 
which cannot be obtained from books, 
from study or reflection, or supplied by 
even the inventive faculties of man. It is 
not every man who, when the opportunity 
is placed before him, is able to avail him- 
self of it—at any rate to the fullest extent, 
in acquiring this essential knowledge, 
which may be termed practical informa- 
tion. Many have no taste for it, or at least 
prefer the study of the more theoretical 
details. They would rather exhaust the 
calculus in determining the pressures upon 
the different portions of a retaining wall 
than go and build one, and there is very 
little doubt that they would be infinitely 
better adapted for the former than the 
latter task. It must not be supposed that 
we undervalue theory or the study of 
mathematies, so indispensable to an engi- 
neer. But the engineer who carries theory 
to an extreme becomes a mere bookworm, 
a paper engineer in fact, and is not a bit 
better than his brother who proceeds in the 
opposite track with practice, and is ready 
to solve any and every problem by the 
“golden rule of thumb.” If the latter can 
by any means bring in a little theory to aid 
him he will always get the better of the 
former, because of all other professions 
that of an engineer is, on the whole, a 
practical one. It is a profession in which 
men are judged by their works; faith 
counts but little. 

Within the last {fifteen or twenty years a 
marked change has taken place in the 
education and training of engineers. It 
cannot be denied that the progress of the 
times, the introduction of railways, the em- 
ployment of comparatively untried mate- 
rials, respecting whose powers of resistance 
very little was known, and the erection of 
engineering structures of a novel form and 
on a scale of magnitude hitherto unat- 
tempted, demanded a radical alteration in 
this respect. One of the principal reasons 
necessitating the change was that under 
the circumstances precedent was wanting. 
Engineers had nothing to fall back upon. 
Previous practice and experience became a 
blank. ‘hey could supply nothing in the 
way of theoretical or practical information 





which would bear the enormous extension 
required of it. There was no bridge to 
serve as pattern for that over the Straits of 
Menai, and the study of the whole subject, 
with the aid of the mathematician and the 
experimentalist, became an absolute neces- 
sity. Thus a particular class of investiga- 
tions, and consequently a knowledge, for 
the future, of those investigations and their 
results, were forced upon engineers, and in 
making themselves acquainted with these 
results and others of a kindred character, 
their education was considerably improved 
thereby, and its tone raised. But, in spite 
of the advantages which have undoubtedly 
accrued to the profession, owing to the 
altered conditions now prevailing, it is 
quite possible to err in the opposite ex- 
treme; and a careful consideration of the 
manner in which large numbers of young 
engineers are being now educated and 
trained, will, we think, tend to prove that 
the error alluded to is very frequently 
committed. As a rule, if a man wishes to 
learn a trade he associates himself with 
another who has already learned that trade, 
has practised it, and is at the time of the 
association earning his bread by it—living 
by it, in a word. If one wished a boy to 
learn the business of a butcher, one would 
hardly apprentice him to a shoemaker. 
Yet this is not one jot more absurd than to 
expect a young man to learn the business 
of an engineer by sending him for three 
years to a college. It will be said that at 
the college he learns at least the theory of 
his future profession, and also studies 
various scientific subjects intimately con- 
nected therewith. This is true, and no one 
for a moment would underrate the value of 
the education so obtained, were it not for 
the attendant evils, which are serious. 
Were it generally understood that the 
college training was restricted to what it 
really is, viz., the imparting of such theo- 
retical knowledge as would fit the student 
at the end of his course to enter an engi- 
neer’s office, and learn the duties of the 
profession—not in a collegiate, but in a 
professional manner—one of the errors 
commonly indulged in would be rectified. 
It is generally supposed that a three years’ 
college course in engineering is all-sufficing, 
and that the student who has completed 
the term, and obtained a diploma or certi- 
ficate, is regularly qualified as an assistant 
engineer. No greater delusion can be in- 
dulged in. He knows absolutely nothing 
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of the routine of an office, nor of the pro- 
fessional manner in which things are done, 
to use a common phrase. It is true that 
designs are prepared, specifications, esti- 
mates, and quantities got out by students 
with great care and minuteness. But the 
designs are never executed, the estimates 
and quantities never submitted to the cru- 
cial test—that of a contractor, and the spe- 
cifications are in every sense dead letters. 
The difference between any designs, speci- 
fications, and estimates of a professional 
character, being prepared at a school or 
college and in the office of an engineer, is, 
that all the responsibility which attends 
the one is wanting in the other. Briefly, 
the one is a sham, the other is a reality. 
It might reasonably be imagined that 
anyone desiring to learn a business or pro- 
fession would devote more time to that ob- 
ject than to others, which, although bear- 
ing upon it, and likely to prove of future 
value, are not of a strictly professional na- 
ture. But with respect to the engineering 
profession, the contrary is often the case. 
From three to six of theory to one of prac- 
tice is about the ratio, although sometimes 
the equivalent of the latter becomes cipher. 
One of the evils arising from the prolonged 
theoretical curriculum prescribed at col- 
leges, is that when the student, in order to 
obtain a practical knowledge of his busi- 
ness, enters the office of an engineer, his 
stay there is tooshort to enable him to 
benefit by the advantages which would be 
otherwise open to him. In the first place, 
the state of the works under the superin- 
tendence of the engineer, and his general 
practice, cannot be regulated, so as to suit 
the requirements of any young man who 
desires to benefit by pupilage of one or two 
years. Again, it is of little use to take a 
student from his theoretical studies, and 
pitchfork him into an extensive work, 
among a chaos of timbers, portable engines, 
excavations, and the whole general melee 
of a contractor’s plant. He may after a 
time understand what is going on, he may 
get an idea, but little more, of the continu- 
ation of a work of the commencement of 
which he knows nothing, and of the termi- 
nation of which he will be equally igno- 
rant. The same method is required in the 
professional as in the educational training 
of a young engineer. The one he obtains 
thoroughly at a school or college, but the 
other it is impossible for him to acquire, un- 
less he spend at least the same amount of 





time in the actual discharge of duties, 
which he will have eventually to fulfil al- 
most unassisted. The most valuable kind 
of practice which a young engineer can ob- 
tain, is to be engaged on a work from the 
commencement, to assist in preparing the 
drawings, specifications, estimates, and 
quantities, and then to witness the work 
carried out, and if possible completed. The 
work need not be on a scale of great mag- 
nitude. On the contrary, if of moderate 
extent so much the better, as it will enable 
attention to be prid to all the details. It 
is in the knowledge of the actual details 
of work that theoretical men are so weak. 
The most important point in connection 
with the practical training we have men- 
tioned, is altogether lost in the system 
which crams a man for three years with 
theory and then sends him into the office 
of either a civil or mechanical engineer to 
learn his profession in about a fourth of 
that time. This point is the connection 


between theory and practice, which is alto- 
gether wanting. There is no connection, 
no sequence whatever between the designs 
prepared in a college, and the work the 
student may see afterwards with an engi- 


neer. As a means of education, the various 
schools and colleges with especial technical 
classes are invaluable; but are not equally 
valuable for professional training, and they 
will never be able to turn out practical en- 
gineers, who are becoming scarcer every 
day. The fallacy to be avoided is to im- 
agine that the scholastic or collegiate edu- 
cation renders unnecessary any future pro- 
fessional training whatever. 

When a man says, “I wish to make my 
son an engineer,” the natural and common 
sense reply is, “Then article him to an en- 
gineer.” In fact, the system pursued under 
the old régime is still the correct one, with 
the exception that the time of apprentice- 
ship or pupilage should be shortened, and a 
portion of it spent in acquiring the educa- 
tion now indispensable to an engineer. The 
mistake committed at the present day, is in 
substituting a differentand a completely theo- 
retical for a practical training, whereas the 
proper plan to adopt is to retain, in any case, 
the practical training, but add to it the edu- 
cational. It is not by taking away the 
practice, but by adding the theory, that a 
man becomes a competent and qualified en- 
gineer at the present day. It is impossible 
to deny that there is just now a strong ten- 
dency to substitute theory for practice in the 
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training of our engineers, and it will be! demonstrate that the fossil remains of some 
some time before the error becomes mani- antediluvian reptile are to be found in a cer- 
fest. We are not alone in this opinion. | tain situation, the presumable proof of tho 
Some eminent authorities, good theoretical | circumstance does not bear upon practical 
men themselves, have acknowledged that a | engineering. It is, in our opinion, better 
considerable portion of the time spent in a | for a young engineer to know how to hoop, 
school or college is, we will not say wasted, | shoe, and drive a pile, than to be able to 
but devoted to subjects of no practical use | calculate to an ounce—were the calculation 
whatever to an engineer. Moreover, the | | possible—the exact pressure it would require 
study of some subjects with which an en- | to drive it so many inches into the ground. 
gineer should undoubtedly have some ac-| No one is more ready than ourselves to 
quaintance is pushed too far, to the sacrifice | estimate at its full value, the real permanent 
of much valuable time and labor. It is no | benefit the various engineering schools and 
doubt indispensable that a professional man | colleges have conferred upon engineers, but 
should possess a competent knowledge of|a line must nevertheless be drawn some- 
geology, but we submit that it is time and|where. We should regret to witness a pro- 
energy wasted for him to pursue the subject | fession, which is essentially practical in its 
to the same extent as a professed geologist. | character and duties, reduced to a mere dis- 
However interesting to the latter, and cog- | play of mathematical dexterity, book lore, 
nate to his vocation, it may be to be able to and paper work. 
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From “The Building News.” 


Many years ago it was comparatively | erican pine. Du Hamel says pines have 
easy to import trees from the north of the leaves thready and slender, growing in 
Europe of sufficient size to make topmasts clusters from the same leaf-stalk, while firs 
for the largest classes of men-of-war. Now, | have straight leaves, each growing separate, 
however, little timber of the required di- but many growing on the same leaf-stalk, 
mensions could be produced, even had we like the teeth of a comb. These are the 
not now given the preference to iron masts. | general characteristics between the two 
In fact, the mast trade is declining. Cana-' sorts of trees which produce fir timber. The 
dian yellow pine masts used formerly to be | pines grow with their trunks much less ta- 
plentiful at 30 in. in diameter, but none, or| pering towards their tops than the firs ; 
nearly none, such are now to be met with;| they are therefore, from shape, more 
nor if we wanted wooden stern-posts for | adapted for masts than firs. Their wood is 
our men-of-war could we now procure them | also more resinous, and the resin is of a 
from the old sources of supply. These are more glutinous nature, and therefore less 
only one or two instances which might be easily evaporated ; it alse, in consequence 
brought forward to show that if timber of of this quality, enables the timber to resist 
large dimensions is wanted from the ports | better the absorption of water or moisture 
we have been so long in the habit of deal-| when exposed to it. The pine is more 
ing with, it will not be readily forthcoming, durable than the fir, and its fracture is, 
except at a vastly enhanced cost, and per-| even when partially decayed, much more 
haps even then it may be impossibie to fibrous, and takes place with more previous 
purchase it. For both oak and fir we have | warning. Riga fir is not only extremely 
long been almost dependent on foreign or | flexible and elastic, but it is by far the 
colonial supplies. Oak certainly still comes; most durable of all pine timbers. The 
to our markets from our own native plan-| American continent produces red pine, 
tations, but the supply is limited, for as which is often used instead of Riga 
trees are felled, the remainder are more | timber, but so far as London is con- 
and more looked upon as ornamental trees, | cerned, the imports have dwindled down 
not destined for the axe. Although it is to almost nil. The red pine thrives well 
usual to speak of fir and pine as “fir | i in Scotland, where it is called Scotch 
timber,” still there is a difference between | fir, but the timber will not bear com- 
the two—witness Riga fir and North Am-| parison with that imported, although it is 
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often included under the generic name of 
“Riga.” Yellow pine, which is principal- 
ly imported from Quebec, has neither the 
flexibility nor the elasticity of the red pine, 
nor is it so durable, but, it is much lighter. 
For the inside work of houses, such as pan- 
els, sashes, etc., it is invaluable, and is 
eagerly bought up by builders for such 

urposes. It grows in Great Britain, but 
it does not thrive in this climate. Nor- 
wegian fir is largely imported, principally 
in the shape of battens and boards; but the 
wood is generally small, and the Swedish 
of the same description finds more favor 
from its larger scantling. Cedar would be 
among the most valuable of all timber 
trees were it sufficiently common to be 
available for building purposes. It is al- 
most indestructible from time, and no in- 
sect will ever attack it. It requires a more 
generous soil than any other of the tribe of 
pines, and is a timber of very slow growth. 
Pitch pine is now well known, and has 
taken its place as a building and furniture 
wood. 

The sap-wood of all fir timber is useless, 
and generally there is a large proportion of 
it in comparison with the quantity of heart- 
wood. But itis a curious fact that there 
appears to be a difference between the 
pines and the generality of hardwood tim- 
ber in this: that a small proportion of sap- 
wood in fir is indicative of the inferiority 
ofthe timber. Thus, the red pine of Scot- 
land has fewer layers of sap-wood than 
either the Baltic or Canadian red pine. 


As a general remark, it may be stated that. 


the greater the quantity of sap-wood there 
is about a tree of any description of fir tim- 
ber, the better will be the quality of the 
mature wood. 

Larch is imported from Canada under 
the names of Hackmatack and Tamarack. 
which have every appearance of being 
identical with the Scotch larch. Cabinet- 
work of great beauty has been made from 
this wood; it polishes well, and when 
seasoned is not found to warp or shrink. 
In some of the public buildings of Venice 
there are said to be single-pieced beams of 
larch which are 120 ft. in length. It must 
be very durable, for.it is almost the only 
wood which was used in the palaces and 
public buildings of that city. 

Teak is now an important article of com- 
merce. The importation from Moulmein 
dates since the Burmese war, and its value 
as a ship-building timber is highly appre- 





ciated ; but inferior as the Pegu and Moul- 
mein teak is in quality, when compared 
with the Bombay teak, it is infinitely pref- 
erable to the Saul or the Sissoo. All de- 
scriptions of teak, if sound, free from defects 
and sap-wood, are proof against the white 
ants—a matter of the greatest importance in 
India—whereas in this market it is valued 
for its hardness and durability. The teak 
grows to a great height, 70 to 80 ft., and 
more, but cannot be easily obtained of good 
quality of that size. Jarrol, Toon, and 
similar Indian woods, are not in use in 
Great Britain, and need not be described. 

British Guiana Greenheart is another 
well-known timber. It is a hard, close- 
grained wood, having, like teak, an oily 
feel to the touch. Its specific gravity is 
about equal to that of the African oak, but 
it is decidedly superior to it in strength, 
toughness, and durability. These, however, 
are not its chief advantages. Its great val- 
ue consists in its being completely exempt 
from the attacks of worms. It is exceed- 
ingly hard, and difficult to work as plank- 
ing. There is another Guianian timber, 
the Siruaballi, of a softer texture, and much 
used for planking, as it is also said to be 
able to resist the ravages of the worm. 

At whatever period timber is felled, it 
requires to be thoroughly seasoned before 
it is fit for the purposes of carpentry. This 
object of seasoning is partly to evaporate as 
much of the sap as possible, and thus to 
prevent its influence in causing decomposi- 
tion, and partly to reduce the dimensions of 
the wood, so that it may be used without 
inconvenience from its further shrinking. 
Timber seasons best when placed in dry 
situations, where the air has a free cir- 
culation around it. (Evelyn, in his “ Syl- 
via,” has some advice on this head, as ap- 
plicable now as when he wrote it.) Gradu- 
al drying is a better preservative than a 
sudden exposure to warmth, even of the 
sun; for warmth, abruptly applied, causes 
cracks and flaws, from the sudden and 
unequal expansion produced in different 
parts. 

Two or three years’ seasoning is requisite 
to produce lightness and durability in the 
woodwork of buildings. It must be observed 
that seasoning in the common way only re- 
moves a portion of the aqueous and volatile 
matter from the wood. The extractive, and 
other soluble portions still remain, and are 
liable to ferment, though in a less degree, 
whenever the wood reabsorbs the moisture. 
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Such, indeed, is the force of capillary attrac- 
tion, that wood exposed to the atmosphere 
in our climate never gives up all its mois- 
ture. There are so many methods of pre- 
serving wood, each patentee having reason 
to think his own process the best, that it 
will be as well to refrain from investigating 
their respective claims to excellence. It is 
the opinion of some that woods abounding 
in resinous matter cannot be more durable 
than others, but the reverse of this is prov- 
ed every year in the pine forests of America, 
where the “light wood,” as it is called, 
consisting of the knots and other resinous 
parts of pine trees, remains entire, and is 
collected for the purpose of affording tar, 
long after the remaining wood of the three 
has decayed. In the salt mines of Poland 
and Hungary the ga!leries are supported by 
wooden pillars, which are found to last 
unimpaired for ages, in consequence of 
being impregnated with the salt, while 
pillars of brick and stone, used for the same 
purpose, crumble away in a short time by 
the decay of their mortar. Wooden piles, 
driven into the mud of salt flats and 
marshes, last for an unlimited time, and 
are used for the foundations of brick and 
stone edifices. The application of salt in 
very minute quantities is said rather to 
hasten than prevent the decay of animal 
and vegetable bodies. Yet the practice of 
docking timber, by immersing it for some 
time in sea water, after it has been season- 
ed, is generally admitted to promote its 
durability. There are some experiments 
which appear to show that, after the dry 
rot has commenced, immersion in salt water 
effectually checks its progress, and pre- 
serves the remainder ofthe timber. If care 
be taken to renew the coat of paint as often 
as it decays, wood on the outside of build- 
ings, may be made to last for centuries, but 
painting is no preservative against the 
internal, or dry, rot; on the contrary, when 
the disease has begun, the effect of paint, 
by choking the pores of the wood, and pre- 
venting the exhalation of vapors and gases 
which are formed, tends rather to expedite 
than prevent the progress of decay. Indeed, 
sound, well-seasoned wood will last longer 
unpainted than painted, for it is impossible 
to thoroughly dry it, and a day in a newly- 
built house causes moisture to be absorbed. 
To show the difference between seasoned 
and unseasoned wood, it may be remarked 
that unseasoned English oak (from experi- 
ment) weighs 62 lbs. 8 oz. per cubic foot; 





seasoned from 13 to 20 years, it weighs 45 
Ibs. 9 oz. per cubic foot. French oak un- 
seasoned, 68 Ibs. 2 oz.; seasoned, 48 lbs. 
01 0z. African oak, unseasoned, 64 Ibs. 1 
oz.; seasoned 13 to 20 years, 60 lbs. 3 oz. 
Teak, unseasoned, 48 lbs. 11 oz.; seasoned 
19 years, 42 lbs. 2} Dantzig fir, un- 


aw OZ. 
seasoned, 39 lbs. ; seasoned, 32 lbs. 9? oz. 


These statistics will explain why builders are 
so anxious to procure dry materials, and 
how it is that so much objection is made to 
sap-wood. 


INDIA AND EASTERN TIMBER. 


Cedar is a commercial term given to the 
woods of several distinct kinds of forest 
trees, the timbers of which are distinguished 
as red and white cedar, Barbadoes and 
Bermuda cedar, cedar of Lebanon, pencil 
cedar, bastard cedar, and some of those 
that grow in America, some in Europe, and 
some in Asia. The lofty Deodara, a native 
of the Himalayas, with fragrant and almost 
imperishable wood, and often called the 
Indian Cedar, is sometimes referred to the 
genus Pinus, and sometimes to those of 
Cedrus or Larix, with the specific name of 
*‘deodara.” But Dr. Hooker is of opinion 
that the Deodar and the Cedar of Lebanon 
are identical. The woods of several of the 
Conifers are called cedars. But in India 
the term Bastard Cedar is applied to the 
Guazuma tomentosa, while in New South 
Wales the term White Cedar is applied to 
Melia azerach, and Red Cedar to that of 
Flindersia Australis, and the name is also 
given to the woods of the Cedrela toona 
and Chickrassia tabularis. 

In China, a kind of cedar, probably 
a cypress, called Nan Mah, or Southern 
Wood, which resists time and insects, is 
considered particufarly valuable, and is es- 
pecially reserved for imperial use and 
buildings, and the cedar wood of Japan, 
according to Thunberg, is a species of 
cypress. The cedar of Guiana is the wood 
of Icica altissima. The whitewood or white 
cedar of Jamaica is Bignonia leucoxylon. 
The word “cedar,” in the United States, is 
applied to various genera of the Pine 
family. TheVirginian red cedar is a juni- 
per; is called red, or pencil cedar; the 
white cedar of the Southern swamps is a 
cypress. Under the term cedar, Col. Frith 
describes a reddish colored wood of Palghat, 
specific gravity 0.507, as a large tree, wood 
aromatic, and used for furniture; and 
under the name of cedar root, a very 
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aromatic wood, used for ornamental furni- 
ture in Palghat. 

Specimens of the wood of the Indian 
Cedar (Cedrus deodara) and of the cypress 
from the Himalayas, were shown by Dr. 
Royle at the Exhibition of 1851. The 
former has been introduced into England 
as a beautiful ornamental tree, and appears 
to promise well as a useful timber tree, as 
the wood works well and freely. 

The Toona (Cedrela toona) is a large 
and valuable tree, which grows in varying 
abundance at the foot of the Himalayas, 
also in the north-eastern provinces, and to 
the south in Bengal, and in both peninsulas 
of India. It is rare in the central provinces. 
In the Punjaub it grows up to 2,500 ft. to 
4,800 ft., with 7 ft. to 12 ft. in girth. Its 
growth there is rapid; its darkish wood is 
not subject to worm or warp, it looks well 
when properly polished, and is there a 
favorite for cabinet-work. Mr. R. Thomp- 
son says it grows to a large size in the 
outer, moist valleys of Kumaon and Ghur- 
wal, and hill-men will not sell their trees. 
In Kumaon, trees with girths of 12 ft. to 
16 ft. yield planks up to 3 ft. broad, but 2 
ft. is the average. In Coimbatore, it is a 
valuable timber tree of large size, and its 
reddish colored wood is used for cabinet- 
making purposes. It is not a common tree 
in the Bombay forests, but is found in some 
of the greenwood jungles about the ghats, 
and also in the hill range abutting on the 
Rajpooree Creek to the south. The wood 
is a choice one for cabinet-makers’ pur- 
poses, but if is not used for any others, ex- 
cept for house beams, when it is procurable 
in sufficient quantities. A tree is also found, 
Dr. Brandis tells us, on the hills and plains 
of British Burmah, plentiful in some dis- 
tricts, and if not identical with the toon of 
Bengal, certainly neerly related to it. A 
cubic foot of the Burmah wood weighs 28 
Ibs. In a full grown tree, on good soil, the 
average length of the trunk to the first 
branch is 40 ft., and the average girth, 
measured at 6 ft. from the ground, is 8 ft. 
It sells in Burmah at 8 annas per cubic 
foot 

The lofty Deodara (Cedrus deodara) is 
a native of the Himalayas, and has an 
almost imperishable wood. Dr. Hooker is 
of opinion that it is identical with the Cedar 
of Lebanon, and this view is generally con- 
curred in. It grows at 4,000 ft. to 10,000 
ft. in many parts of the Himalayas, from 
the Ganges to beyond the Indus at Safed 





Koh, and the mountains north of Jellala- 
bad. It is a very handsome tree, with 
a yellow-colored, easy-worked, straight- 
grained, and durable wood, and‘ pillars of 
it, in the great mosque, are said to be of 
the year 804 Hejira, but those of the 
Hindoo temples there are said to be 600 or 
800 years old. Insects do not attack it. 
It is strong and elastic, and not too heavy. 
It is used for knees of boats, and for all 
building purposes. A tree takes from 80 
to 120 years to reach 6 ft. of girth, attains 
a height of 100 ft., 120 ft., even over 200 
ft., and girths of from 25 ft. to 42. It is 
the best of all the coniferous timbers, and 
yields a valuable empyreumatic oil. 

With reference to the central province 
forests, Major Pearson gives some very 
valuable information. At the present time 
the only forests in which teak of good size 
is procurable are, Ist, the forest of Boree, 
at the foot of the Puchmuree or Mahedeo 
hills, and those of Sowleeghurh and Jam- 
gurh in Baitool. 2d. The forests around 
the Bormeyr River in Mundla. 3d. The 
forests of Lahora, Konkeir, and Panabarras, 
of which the latter is the centre, between 
Raepore and Chandah ; and 4th, the forests 
of Aheree on the Godavery, between 
Seroncha and Chandah. The last two 
named belong to Zemindars, the first two 
only are Government property. There is 
also teak found of large size in the Gurjat 
States, 120 to 150 miles south-east of 
Raepore ; but it is so remote that it can 
hardly be considered as belonging to the 
available resources of the country. It is 
believed, however, not to exist in any extra- 
ordinarily large quantity ; indeed, Lieute- 
nant Forsyth’s report on the Kuvriar forests 
represents 12,000 trees in all. In Boree, 
including the Baitool forests (which latter, 
however, are practically worked out), there 
may be 10,000 available timber trees; in 
Mundla there are about half that quantity 
remaining. In the forest of which Parna- 
barras is the centre, there is still practi- 
cally, a perpetual supply, if they are 
only worked with care,as a vast sup- 
ply of trees are there found in every 
stage of growth. About Dorwa in Parna- 
barras alone he calculated there were 


10, 000 trees available for felling, and 
30,000 more from 2 to 2} ft. in girth, all 


fine, promising young trees. From the 
distance of the forests, and excessive weight 
of the timber, Saul does not come into 
much use. There is, however, a fine forest 
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(a solitary patch) in the Daniwah Valley at | and knotty, which makes excellent naves of 
yP y : 


the foot of the Puchmarree hills, which is 
now being worked, and the Executive 
Engineers at Jubbulpore and Saugor sup- 
ply themselves with this timber from the 
Rewah State, 50 or 60 miles east of 
Jubbulpore, and from the Government 
forests in Beejoragogurh. Of all other 
timbers, good, bad, and indifferent, and 
many of them bad, the demand for sleepers 
for both branches of the Great Indian 
Peninsula Railway, east of Bosawul, has 
almost cleared the forest within 50 miles of 
the railway lines of every tree that would 
yield a sleeper; nor has the supply of 
them done much good, as a very few years 
will have to elapse before all have to be 
replaced. This is being done partly by 
Saul, ina very small degree by Teak, but 
chiefly by iron-girt sleepers. 

Western Mysore produces valuable tim- 
ber trees, useful for building and cabinet- 
making, such as Boghy, for furniture, 
strong and tough; Soojhal, useful for all 
purposes, in color a light brown, long 
grain, and rather open; Hoonsay, with red 
and black streaked heartwood, close-grained 





wheels, oil-mills, mallets, etc., and is valu- 
able for brick and tile burning; Biti, an 
open-grained timber, something like rose- 
wood, which makes up into good furniture 
of all descriptions; Honagul, a building 
timber, also used for furniture; Wulla 
Honay, a light-colored, open-grained tim- 
ber, a very excellent description of wood 
suitable for house-building and furniture ; 
Nundee, of which substantial bridges are 
built; Nellee, of a dark flesh color, smooth, 
very close grain, compact and tough, 
making fine veneers, does not decay under 
water, and is well adapted for turning ; 
Novoladdi, a greenish-brown, dull, close- 
grained timber, which polishes well, and is 
much liked by builders and others; and 
Handiga, useful for furniture and for the 
turner, etc. 

These are but a few of the forest pro- 
ducts of India, but will serve to show the 
vast and, comparatively speaking, still un- 
developed timber resources of that country, 
which cannot be otherwise than a matter 
of great interest to all builders in Great 
Britain. 





SYMPATHETIC VIBRATIONS IN MACHINERY. 


By JOSEPH LOVERING. 


From “Iron.” 


The vibrations I propose to demonstrate | 


are those which are pitched so low as not to 
come within the limits of human ears, but 
which are felt rather than heard. I wish 
to show how these may be seen as well as 
felt. 

All structures, large or small, simple or 
complex, have a definite rate of ¥ vibration, 


and perhaps a dangerous character, when 
they enter bodies which are only too ready 
to move at the required rate, sometimes 
even beyond the sphere of their stability. 
At one time considerable annoyance was 


| experienced ina cotton mill because the walls 


and floors of the building were so violently 


| shaken by the machinery; so much so that 


depending on their materials, size, and, 
shape, and as fixed as the fundamental note | 


of a musical chord. They may also vibrate 
in parts, as the chord does, and thus be 


capuble of various increasing rates of vi- | 
| only when it moved at a particular rate, 


bration, which constitute their harmonics. 
If one body vibrates, all others in the 
neighborhood will respond, if the rate of 
vibration in the first agrees with their own 
principal or secondary rates of vibration, | 


on certain days a pail of water would be 
nearly emptied of its contents, while, on 
other days, all was quiet. Upon investiga- 
tion it appeared that the building shook in 
response to the motion of the machinery 


coinciding with one of the harmonics of the 


structure; and the simple remedy was to 
make the machinery move at a little greater 
or a little less speed, so as to put it out of 


even when no more substantial bond than | tune with the building. 


the air units this body with its neighbors. 


We can easily believe that in many 


In this way mechanical disturbances, harm- | cases these violent vibrations will loosen 
less in their origin, assume a troublesome | the cement and derange the parts of a build- 
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ing, so that it may afterwards fall under 
the pressure of a weight which otherwise it 
was fully able to bear, and at a time, pos- 
sibly, when the machinery is not in motion. 
Large trees are uprooted in gales of wind, 
because the wind comes in gusts, and if 
these gusts happen to be timed in accord- 
ance with the natural swing of the tree, the 
effect is irresistible. The slow vibrations 
which proceed from the largest pipes of a 
great organ, and which are almost without 
the range of musical sounds, are able to 
shake the walls and floors of a building so 
as to be felt, if not heard. 

We have here, also, the reason of the 
rule observed by regiments on the march, 
when they cross a bridge, viz., to stop the 
band, and to break step. This is lest the 
measured cadence of a condensed mass of 
men should urge the bridge to vibrate 
beyond its cohesive force. A neglect of this 
rule has frequently led to accidents. The 


Broughton Bridge, Manchester, gave way 
beneath the measured tread of sixty men 
only, who were marching across it. 

Robert Stephenson has remarked (‘ Edin. 
Phil. Journal,” vol. v., p. 255) that there is 
not so much danger to a bridge when it is 


crowded with men or cattle, or if cavalry 
are passing over it, as when men go over it 
in marching order. 

A chain bridge crosses the river Dordogne 
on the road to Bourdeaux. One of the 
Stephensons passed over it in 1845, and 
wussomuch struck with its defects, although 
it had been but recently erected, that he 
reported them to the authorities. A few 
years afterwards it gave way when troops 
were marching over it. 

A few years ago asimilar disaster befell 
a battalion of French infantry while 
crossing the suspension bridge at Angiers. 
Reiterated warnings were given to the 
troops to break into sections, but the rain 
falling heavily, the orders were disregarded, 
the bridge fell, and 280 men were killed. 

When Galileo set a pendulum in strong 
vibration by blowing on it whenever it was 
moving away from his mouth, he gave a 
good illustration of the way in which small 
but regularly repeated disturbances grow 
into consequence. Professor Tyndall tells 
us that the Swiss muleteers tie up the bells 
of their mules, lest the tinkle should start 
an avalanche. The breaking ofa drinking 
glass by the human voice, when its funda- 
mental note is sounded, is a feat instanced 
by Chladin, who mentions it as an experi- 





ment frequently repeated by an inkeeper 
for the entertainment of his guests, much 
to his own profit. 

The bark of a dog is able to call forth the 
response from certain strings of the piano ; 
and a curious passage has been pointed out 
in the “Talmud,” which discusses the in- 
demnity to be paid when a vessel is broken 
by the voice of a domestic animal. If we 
enter the domain of music, there is no end 
to the illustrations which might be given of 
these sympathetic vibrations. 

In the case of vibrations which are 
simply mechanical, without being audible, 
at any rate in a musical sense, the follow- 
ing ocular demonstration may be given :— 
A train of wheels, set in motion by a strong 
spring wound up in a drum, causes a hori- 
zontal spindle to revolve with great velocity. 
Two pieces of apparatus like this are 
placed about 10 or 12 ft. apart. On the 
ends of the spindles, which face each other, 
are buttons about an in. indiameter. The 
two ends of a piece of white tape are fas- 
tened to the rims of these buttons. When 
the=spindles, with the attached buttons, 
revolve, the two ends of the tape revolve, 
and in such directions as to prevent the 
tape from twisting, unless the velocities are 
very different. Even if the two trains of 
wheels move with unequal velocities, when 
independent of each other, their motions 
tend to uniformity when the two spindles 
are connected by the tape. Now, by moving 
slightly the apparatus at one end of the 
room, the tape may be tightened or 
loosened. If the tape is tightened, its rate 
of vibration is increased, and, at the same 
time, the velocity of the spindles is dimin- 
ished on account of the greater resistance. 
If this tape is slackened, its rate of vibra- 
tion is less, and the velocity of the spindles 
is greater. By this change we can readily 
bring the fundamental vibration of the tape 
into unison with the machinery, and then 
the tape responds by a vibration of great 
amplitude, visible to all beholders. If we 
begin gradually to loosen the tape, it soon 
ceases to respond, on account of the two- 
fold effect already described, until the time 
comes when the velocity of the machinery 
accords with the first harmonic of the tape, 
when the latter divides beautifully into 
two vibrating segments, with a node at the 
middle as the tension slowly diminishes, 
the different harmonies are successively 
developed, until at length the tape is broken 
up into a number of segments only an inch 
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l 
or two in length, presenting the appearance | 


of a beautiful wave line :— 





The eye is as much delighted by this 
visible music as the ear could be if 


the vibrations were audible. A tape is 
preferred to a cord in this experiment, 
because it is better seen, and any acci- 
dental twist it may acquire is less trouble- 
some. 





THE NARROW GAUGE DISCUSSION. 


From “‘ Engineering.” 


The Session 1872-73 of the Institution of | 
Civil Engineers will long be a memorable 
one, vn account of the discussion arising out 
of Mr. W. Thomas Thornton’s paper on the 
relative advantage of the 5 ft. 6 in. gauge 
and of the metre gauge for the new State 
railways of India. This discussion, if we 
may give that title to what was little more | 
than a systematic attack upon narrow- 
gauge railway principles, extended to wider | 
limits than probably any other in the ar- | 
chives of the Institution, and may, as was 
doubtless intended, exercise an important 
influence upon the immediate future of rail- 
way construction in India. 

In fact the influence which has been | 
brought to bear upon the subject has al- 
ready made itself felt, in the recent order 
which has been issued, to arrest the pro- 
gress of narrow-gauge lines in India, until 
the question of gauge has been again con- 
sidered. 

It would be out of place for us to review 
the action which has been taken in this 
matter by prejudiced and interested engi- 
neers. We should have to revert to a 
period immediately succeeding the death of 
Lord Mayo, when the chances appeared 
possible of reversing the joint decision 
arrived at by him and by the Duke of 
Argyll, and of maintaining the broad gauge | 
for the contemplated Indian extensions. | 
We should have to trace out the various | 
means by which, through a loug period, | 
pressure was gradually and steadily brought | 
to bear upon the Indian Government, until, | 
influenced by the constant assurance that a 
grave mistake had been committed, the 
metre gauge was put upon its trial at the 
bar of the Institution with Mr. Thornton 
for its advocate ; when this arrived the end 
so long aimed at was reached, and little 
justice could be expected from those who 
were most eager to be examined as wit- 
nesses for the prosecution, and who at 
the same time constituted themselves as 
judges. After the discussion terminated, it 








was decided to step aside of the usual prac- 
tice at the Institution, and publish a ver- 
batim report of all that had been said at 
the various meetings upon the subject, 
without delay, in order that no time may 
be lost in bringing the influence of the 
Institution to bear in reversing the ob- 
noxious decision of Lord Mayo. We need 
not trouble to inquire here whether, in its 
eagerness to achieve a desired purpose, the 
Council of the Institution has not outstep- 
ped its functions, and for the present we 
may deal only with the general tone and 
arguments of the memorable discussion, 


| deferring till a more convenient oppor- 


tunity, a more detailed criticism. 

The ground occupied by Mr. Thornton is 
briefly as follows: That by adopting the 
reduced gauge for the contemplated 10,000 
miles of new line, the Indian Government 
would effect an approximate saving of 
£10,000,000, and would provide railways 
which should be fully equal in capacity to 
those already existing. 

The saving claimed was shown to be within 
reasonable limits, both from actual experi- 
ence in the construction of narrow-gauge 
railways, and from careful estimates made 
by our most responsible engineers; while 
as to the capacity of a narrow-gauge rail- 
way, experience is again teaching us every 
day, that a railway of a metre, or 3 ft. 6 in. 
gauge, can with ease convey as much traf- 
fic as the 5 ft. 6 in. Indian railways, and 
that with proper working they can carry 
more. 

Mr. Thornton showed clearly that the 
inconvenience of a break of gauge had 
been grossly exaggerated, and the cost of 
transferring goods would form in India, but 
a very insignificant proportion of the saving 
effected in construction. He omitted to add 
that the greater economy in working, which 
is possible upon narrow-gauge railways, 
would far more than compensate for the 
cost of the exchange stations. 

In assailing the facts advanced by Mr. 





158 


VAN NOSTRAND’S ENGINEERING MAGAZINE. 





Thornton, several Tuesday evenings were 
expended, and numerous speakers exhausted 
all their arguments upon the subject, with- 
out, however, damaging the position Mr. 
Thornton had taken up, and in his closing 
remarks that gentleman showed himself 
fully equal to reply to the objections which 
had been raised. 

A brief review of the reply may perhaps 
convey the best idea of the salient points in 
the discussion, and the tone of those who 
took a part in it. Mr. Thornton very 
happily compared the speeches of Mr. An- 
drew and Mr. G. P. Bedder to that of the 
barrister who, having no case to defend, 
abused the plaintiff’s attorney. Not that 
there was much fault to find with Mr. An- 
drew in this respect, he did not step beyond 
the limits of special pleading. But it was 
very different with Mr. Bidder, and the ex- 
cuse which Mr. Thornton made for that 
gentleman, “ that it was only a way he had,” 
was quite an insufficient one. Amongst 


other things, Mr. Bidder stated that “a | 
packed Commission, with a Duke for a dry 
nurse,” was sent to Norway to inspect the 
narrow-gauge system of that country. This 
has only one signification. 


A packed Com- 
mission is a Commission brought “ together 
unfairly and fraudulently for the attain- 
ment of some unjust end.” Therefore Mr. 
Bidder gave to the world the statement that 
the Duke of Sutherland, Mr. John Fowler, 
Major-General Strachey, Mr. Rendel, and 
others, had been in fraudulent collusion to 
bring about an unjust end, and therefore 
that Mz. Fowler on the one side, and 
General Strachey and Mr. Rendel on the 
other, had submitted reports to the Indian 
Government which they knew were dis- 
honest. This being the most striking re- 
mark in Mr. Bidder’s speech, we need not 
consider it further. 

Carefully comparing the different esti- 
mates of economy in first cost that could be 
effected by the adoption of the metre gauge, 
Mr. Thornton showed clearly that the sum 
he had stated, namely, of £1,000 a mile, 
was within the mark. With reference to 
the objections raised at the meeting against 
the evils of a break of gauge, which one 
gentleman contended would be infinite, and 
another asserted could not have a money 
value assigned to them, Mr. Thornton con- 
tented himself by pointing out that on a 
branch of the East Indian Railway, the 
actual cost of transferring goods is only 3d. 





a ton; whilst at another place upon the 





Eastern Bengal, the cost of shifting freight 
between the railway and boats is but a trifle 
over 5d. a ton. These prices, which cor- 
respond with those in all other parts of the 
world for this work of transfer, should 
surely be sufficient to answer all the foolish 
objections raised upon this point. Estimat- 
ing, then, the total cost of shifting the freight 
that would be carried upon the proposed 
10,000 miles of narrow-gauge railway, Mr. 
Thornton assumed that the excessive quan- 
tity of 3,330,000 tons a year would have to 
be transferred. ‘This at a cost of 4d. per 
ton would involve an annual outlay of £50,- 


000, which would have to be deducted from 


the saving effected in first cost, and which, 
taking the interest at 5 per cent., would re- 
present a yearly income of £500,000. By 
what process of reasoning, asked Mr. 
Thornton, could it be proved that the In- 
dian Government would be justified in in- 
curring an expense of £500,000 a year in 
order to save £50,000 ? 

One reason, and that a powerful one, 
could be advanced against the adoption of 
the narrower gauge. If it could be shown’ 
that the carrying capacity of the rolling 
stock is unsuited to military requirements, 
the extra accommodation would become 
necessary, irrespective of cost. But here 
again experience is at hand, and the rolling 
stock designed and built by Mr. Rendel for 
the narrow-gauge Indian lines shows what 
can be done in this matter; while, as Mr. 
Charles Douglas Fox had stated, rolling 
stock of precisely the same width as that 
upon the Indian 5 ft. 6 in. railways, had 
been long in use upon the Canadian 3 ft. 6 
in. lines. Again, Mr. Allan contributed 
some valuable narrow-gauge railway ex- 
perience from the United States, gathered 
from the Denver and Rio Grande 3 ft. line, 
which entirely answered the absurd state- 
ment of Captain Galton; that metre gauge 
ambulance cars could only convey two men. 
The latest type of the German ambulance 
car, as exhibited at the Vienna Exhibition, 
accommodates ten men, allowing to each 
138 cubic feet of space. ‘The Denver and 
Rio Grande wagons are built of such a size 
that they would accommodate six men with 
the same allowance tu each. 

With regard to the carrying capacity of 
the metre gauge in times of emergency, it 
must be remembered that there is only one 
mode by which the full measure of useful- 
ness of such railways can be developed; 
that is, by the aid of Fairlie engines. Mr. 
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Lee Smith, in the course of the discussion, 
contended that the quantity of rolling stock 
proposed by the Government of India, 
especially for the Punjab lines, was entirely 
insufficient, and, therefore that the estimate 
of cost was incorrect. Upon this point we 


cannot do better than quote part of Mr. | 


Thornton’s reply; we regret that want of 
space will not allow us to give it in extenso. 

Mr. Lee Smith's proofs were given thus: 
Twelve trains a day, of 30 metre-gauge 
vehicles each, 
would, he said, be required for the trans- 
port of 1,000 fully equipped men per day, 
or for 7,000 men per week; 11,000 men 
would therefore require 560 vehicles. Now 
the whole length of rail from Peshawur to 
Kurrachee being, in round numbers, 1,100 
miles, its aggregate rolling stock, at the 
rate assumed by Mr. Thornton, and under- 
stood to be proposed by Government— 
namely, 1 engine and 380 vehicles per 13 
miles—would be 84 engines and 2,538 
vehicles, which latter figure, divided by 30 
vehicles—Mr. Lee, Smith’s allowance of 


vehicles for one train—would yield a quo- | 


or 360 vehicles together, | 


tient of what? According to Cocker, of 


about 84 trains; according to Mr. Lee 
Smith, of only 2. What was to be thought 
of such arithmetic? What but that a man 
might be a responsible engineer, and yet be 
no geat adept at ciphering ? 

We regret that our space this week will 
not permit of our following this subject 
further at present, and indeed a review of 


| the whole discussion would extend beyond 


the limits of many articles. 
We should, however, allude to the con- 
cluding remarks of the President, who 


‘delivered an opinion decidedly adverse to 
I 


narrow gauges. Moreover, the amount 
saved was, according to him, insignificant. 
What is £10,000,000 for India, with her 
population of 200,000,000 ?—only a shilling 
per head, or one-twentieth of a shilling for 
interest upon the whole amount! 

On the other hand, it might*be suggested 


‘that the saving of the extra £10,000,000 
‘might mean half a million less profit to the 


engineers who carried out the works. But 
such a consideration is, of course, one en- 
tirely without weight. 





THE ENERGY OF GRAVITY, WITH ESPECIAL REFERENCE TO 
THE MEASUREMENT OF IT.* 


From “ Journal of the Society of Arts.” 


The energy of gravity is one of the most; gies of gravity and vitality brought us 


silent and all-pervading of the energies of | together this evening. 
|ever since the creation of man; and yet 


the imponderables. Although we may not 
be conscious of the fact, there need be no | 
doubt that, were this energy to cease, we 
should be like those whom Milton de- 
scribes as 
“Upwhirled aloft 
And sent transverse, ten thousand leagues awry, 
Into the devious air.” 


This calamity is averted by gravity putting 
forth that energy allotted to it by the Crea- 
tor, and the work thus done enables us now 
to sit at ease, and gives us houses in which 
to dwell. 

If, then, it be asked, where do we find 
this energy? we may say, “ Look around.” 
In this room, gravity, inasmuch as we are 
at rest, produces but a static action; there | 
is, however, a clock ticking, and there 
gravity is producing motion. The com- 
bined harmonious operations of the ener- 





* By Rev. Arraur Ricc, M. A.; alecture of the Cantor 
course. 


Thus it has been 


there is good reason for the surmise that 
the energy of gravity, even if known, was 
little regarded in the earlier ages of the 
world. A history of observations on the 
energy of gravity, or even of traces of the 
recognition of this energy in these ages, has 
yet to be written. Whether, by some of 
the early Greek writers, gravity was sup- 
posed to be a power innate, as a liviug 
principle—a spirit in every particle of mat- 





ter; or whether this power had a residence 
|at the centre of the earth; or whether it 
resided in an atmosphere surrounding each 
particle of matter; or whether Seneca, who 
lived about 38 A. D., was moved by a con- 
sideration of (to him) that mysterious prin- 
‘ciple we call gravity, to notice that the 
| tides and the moon were somehow related, 
| need not, this evening, concern us. 
From the time of Seneca we may pass 
over more than 1,500 years, to the days of 
Galileo (A. D. 1600), who was perhaps the 
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first person to notice that bodies in falling 
moved faster and faster. He attributed this 
to the effects of gravity, and considered that 
if he could retard speed whilst still permit- 
ting gravity to act, he might determine the 
law of increasing spaces in equal successive 
times. This he did by permitting a ball to 
roll down an inclined plane; friction on 
the plane caused the retardation, whilst 
gravity alone caused the motion. Thus he 
obtained the ratio of spaces in reference to 
succeding times; but he made no attempt 
to measure the absolute spaces when a body 
fell freely. 

Next to Galileo in order of time must be 
placed Kepler, a German astronomer, who, 
about 1615, in his search after certain 
astronomical relations, existing apparently 
through the mutual attraction of the planets 
each on the other, was led to surmises re- 
specting the universality of the mutual in- 
fluences of material bodies. 

The succeeding 50 years present a blank 
in reference to inquiries or investigations 
respecting gravity. Then came Robert 
Hooke, who was at the same time a mathe- 
matician, an astronomer, and a mechanician. 
He was Secretary to the Royal Society of 
England, and from 1666 to 1674, seems to 
have frequently turned an inquiring mind 
to the nature of that influence which he 
thought he could observe to be exercised by 
the sun and earth upon others of the plane- 
tary system. 

The great and now (1873) universally 
recognized law upon this subject was first 
laid down by observations and reasonings of 
Sir Isaac Newton, which even at this day 
are regarded with an almost religious 
veneration by the advanced and intelligent 
men of every nation. Although it is said 
that Newton began in 1670 to form more 
clear conceptions of the law of gravitation 
than had been propounded by any of his 
predecessors, we must remember on what 
surmises he had to build. 

Kepler, about 1615, and Robert Hooke, 
about 1666, had led Newton, so early as 
the above-named date (1670), to form 
these conceptions, and it is probable that 
he was contirmed and directed in his anti- 
cipation by the fact that Richer noticed, in 
1672, that a pendulum conveyed from 
Paris (lat. 48 deg. 50 min. N., long. 2 deg. 
20 min. E.) to Cayenne, in South America 
(lat. 4 deg. 56 min. N., long. 52 deg. 20 
min. W.), did not vibrate in the same time. 
This recorded fact was as a demonstration 











to the mind of Newton of the deviation of 
the figure of the earth from perfect spheri- 
city, and its oblateness, or compression at 
the poles. It was not, however, until the 
publication of his “ Principia,” in 1687, that 
the law of gravitation was fully established 
and enunciated. 

Briefly expressed, the law, as anticipated 
by others and propounded by Newton, is 
this—that the attraction of one planet 
upon another depends upon the masses (not 
upon the “ weights”) and distances of the 
two planets; not, however, is the law of 
increase or decrease such, that at one half 
ofa distance or double of any distance is 
the intensity of the attractive force doubled 
or halved. This might be a first impression. 
Astronomical facts refused to conform 
themselves to sucha law. They rebelled. 
The parliament of planets had prescribed 
another code for the inter-relationships 
of their mutual attractiveness, and al- 
though it might perhaps have been readily 
inferred that, as the distance between the 
attracting bodies was increased, the inten- 
sity of attraction would be decreased, yet 
the law of that decrease was the one which 
Sir Isaac Newton announced. It is this— 
that if there be two heavenly bodies, say, 
the earth and the moon, and that these at a 
known distance are mutually exerting a 
certain attraction or drawing each to the 
other, then, if the distance be doubled, the 
influence will only be one-fourth of what it 
was. Ifthe distance be trebled, then this 
influence will become one-ninth of what it 
was; if quadrupled, then one-sixteenth of 
what it was. Expressed in precise phrase- 
ology, the law of gravitation is that of the 
inverse square of the distances. Thus far 
satisfied the requirements of astronomers. 

It is remarkable how much of the 
utilized information men possess has been 
derived from the observations of astrono- 
mers. The mechanism of the universe was 
known before Harvey discovered the circu- 
lation of the blood, or Watt constructed a 
steam engine. The astronomers seem to 
have been the pioneers of every branch of 
human knowledge. The Old and the New 
Testaments open astronomically. ‘In the 
beginning God created the heavens and 
earth.” (Gen.i. 1.) “The wise men from 
the east came to Jerusalem, saying, where 
is He that is born King of the Jews? for 
we have seen His star in the east.” 
(Matt. ii. 2.) 

It must be remembered that the science 
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of astronomy in one important respect dif- 
fers from all other sciences. Astronomers 
are observers only—they ascertain causes 
by watching effects. They cannot interfere 
with or alter the causes in operation. 
They cannot make experiments. That 
man presumed too much upon the powers 
of his astronomical friend, who having 
invited him to bring some of his acquaint- 
ance to see an eclipse of the moon by the 
aid of a telescope, and arriving too late, 
assured those who accompanied him that 
the astronomer was not only a personal 
friend, but also a very kind-hearted man, 
and he did not doubt that the eclipse 
would be done again in order that they 
might see it. Yet upon these observers all 
experimenters erect their fabrics. The 
gigantic and uncontrollable phenomena, 
and all the laws of the universe of planets 
—of the ebb and flow of the tides, of me- 
teorology, of terrestrial magnetism and its 
connection with the sun, are the results of 
observation. They could never have been 
known by experiment; indeed, we could 
not so interfere with them as to make an 
experiment. Remember, experiment is an 
interference on our part, and a redirecting 
of energy into a new channel, in order that 
that may be observed which cannot other- 
wise be observed. Hence, if we wish to 
utilize observation it must be by the adap- 
tation of an experiment in the presence of 
an observation—to contrive, in fact a sys- 
tem of apparatus which may enable us to 
take observations and at the same time to 
so control the elements of an experiment 
as to bring them within the range of our 
means of observation. 

Such combination of experiment and ob- 
servation is to occupy much of our attention 
this evening, as on the records of these 
men—Cavendish, Atwood, Kater, Sabine, 
and Baily, especially Captain Henry Kater, 
is built our system of measures and 
weights; for to them we are indebted for 
what must constitute a court of final ap- 
peal, should the time ever come when our 
present standards being totally lost, it is 
essential to re-establish them. _ 

The energy of gravity is peculiar, and 
‘differs from those other energies with which 
we are to be concerned, in that it seems in- 
exhaustible—its power is not proportioned 
to the work it does. All other energies are 
in process of exhaustion by work when that 
work is measured by motion; not so grav- 
ity. Imagine a large ball, and a second 
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small one, which gravitates towards it—the 
number of these small balls may be in- 
creased, and still the influence of gravity 
on each ball is as intense as though there 
was only one small ball; no exhaustion 
from work done affects the energy of grav- 
ity, and yet it seems not to have any power 
of recouping its expended energies. There 
is no elasticity about it—at least, none in 
the hands of men. 

For example, we can, in food, avail our- 
selves of affinity, and so, through the 
agency of assimilation, revive the energies 
of an exhausting vitality. Electricity can, 
upon a system of relays, or upon its extra- 
ordinary property of induction, renew at a 
distance, not only its pristine vigor, but an 
energy many fold greater than its original 
one. Light can have its intensity and 
purity restored by heat. Gravity re- 
mains in its solitariness. True, we be- 
lieve that vitality, affinity, electricity, light 
and heat are independent of, and be- 
yond the influence of, gravity; yet, we 
know them not—we cannot bring them 
within the ken of our senses, except when 
they are associated with what owns the 
dull, dead, inert, and yet powerful in- 
fluence of the energy of gravity. For all 
means yet employed have failed to develop 
or detect the presence of these impondera- 
bles in a perfect vacuum. 

This fact seems to give support to the 
suggestion that the “ potential energy ot 
gravitation may be, in reality, the ultimate 
created antecedent of all motion, heat, and 
light at present existing in the universe.” 

The mode in which we estimate or 
measure gravity is peculiar. It is the only 
one of those energies with which this 
course of Cantor lectures has to deal that 
tells its story upon a scale beam or spring 
balance. No concentrated rays of a tropi- 
cal sun have ever caused an appreciable 
deviation of the most delicate balance; 
neither light nor heat imparted to a body 
in vacuo has ever required the friction of a 
gramme to be added to the other scale-pan. 
But when gravity is concerned we cannot 
add the most miuute microscopical mole- 
cule without having the equilibrium dis- 
turbed. 

Gravity alone, of all the imponderables, 
rises up equal to the burden laid upon it. 
Its power seems to increase with the 
amount of matter involved or work to be 
done. The more required from it, the 
more it does. You cannot overburden it. 
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An avalanche of rocks or a gossamer thread 
are equally the playthings of gravity. 

For the purpose of these Cantor lectures, 
the law of gravitation which binds the 
planets in their courses is of little concern, 
unless we find that the same law binds the 
material elements with which we are con- 
cerned. The question whether the influ- 
ence whose law Sir Isaac Newton so clear- 
ly propounded resulted from an unknown 
and ungovernable something, resident and 
centralized, as it were, within the planets, 
or whether it was a property of every mole- 
cule or group of molecules, was not set at 
rest until Nevil Maskelyne, the Astrono- 
mer-Royal at Greenwich, went to Mount 
Schiehallien, in Perthshire, in 1774, to cal- 
culate the density of the earth. 

The mountain of Schieballien has very 
steep sides. Mr. Maskelyne suspended 
plumb-lines from two opposite and nearly 
vertical sides. Now; if those plumb-lines 
deviated from what one may call vertically, 
they would have been caused to deviate by 
the attraction of the mass of the mountain. 
Thus Maskelyne examined this,—he had 
an instrument by means of which he could, 
by observations upon the stars, determine 
the exact direction that the plumb-line 
should take, and he found ‘that the strings 
did not take that direction. Having done 
that on one vertical side of the mountain, 
he-repeated the experiment on the other 
side, and found that the deviation there 
was opposite to that which it was on the 
first side.* Having determined that these 
strings no longer followed the vertical, he 
formed an estimate of how much this 
mountain attracted the plumb-bob at the 
end of the string, and so arrived at a con- 
clusion that each particle of matter does 
attract every other particle. This was the 
first approximation to an estimate of that 
which forms a very important element in 
connection with other experiments. We 
may here state that in certain regulator 
clocks the makers put the single weight in 
the corner of the case, so that being re- 
moved to the greatest distance its influence 
upon the pendulum-bob, similar to that of 
Schiehallien upon the plumb-bob, may be 
the least possible. 

This, then, established the fact that the 
power whose law Newton discovered was 





* The deviation was noted by a zenith-sector, and after 
making the requisite corrections there was left an attraction 


no gnome resident in some mysterious ter- 
restrial centre, but was a property of every 
molecule of matter, and could not by any 
means or contrivance be separated from 
those molecules. Whether this property be 
within the molecule, or only in what may 
be called the atmosphere around the mole- 
cule, may be left to those who arrange 
theories. 

Mr. Michael suggested to Cavendish an 
experiment which has ever since gone by 
the name of Cavendish’s experiment, and 
from which was deduced the first pretty 
accurate calculation or actual measurement 
of the density of the earth. Cavendish, as 
you know, was a very wise man. It is said 
of him that “ he was the richest wise man, 
and the wisest rich man, that the world 
ever saw.” He left more than a million of 
money. He had also another quality which 
would be very desirable to cultivate in 
certain parts of this kingdom at the present 
time—he uttered fewer words than any 
other man who attained the same age is 
supposed to have done. He discovered 
many things, and, amongst others, he was 
the first to make an attempt at weighing 
the whole earth, and he weighed it with 
an accuracy which has only been confirmed 
in recent times. , 

The apparatus that Cavendish used was 
double the size of this which you see before 
you, but it was similar in construction. He 
had two balls of lead, similar to these large 
ones, suspended from a very light bar, that 
bar being trussed, as it is called, by a kind 
of triangle of wires, and the whole being at- 
tached to a hook in a pulley, round which 
he passed a cord, by means of which the 
balls of lead can be moved to any position 
you please. In order to exclude every 
external influence, the apparatus was in- 
closed in a room of its own, and to observe 
the phenomena that took place within that 
closed room lamps were applied at small 
orifices, and telescopes were placed at others. 
In addition to this apparatus with the two 
balls of lead which weighed about 3 ewt. 
each (as far as my memory serves), he 
had another apparatus placed below the 
other, as you see here. From a centre im- 
mediately under the pulley to which a frame 
carrying the leaden balls is attached, was 
suspended by an exceedingly fine wire a 
light rod with two little balls, less than 
bullets, and these balls held a certain posi- 
tion, and could not move from it beyond 





which caused the two lines to be drawn together, so includ- 
ing an angle of 12 seconds due to the mountain. 








certain limits. Being placed in the afore- 
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said enclosed room, where there were no 
draughts or variations of temperature, or 
anything external to affect them, and they 
had been left for some time—say, for 24 
hours, they became stationary, and would 
not move unless some external force were 
applied to them. At the end of the light 
bar carrying these small balls was an ivory 
scale and a pointer, and upon this was di- 
rected the light of a lamp from outside the 
room, whilst a knob was also placed out- 
side, by turning which the motion of the 
large leaden balls could be controlled. At 
another orifice was placed a telescope, by 
means of which the motion of the pointer 
could be observed. After the little balls 
had become quite stationary, by the cord 
he very gently swung the larger balls to a 
position close to the small ones, and after a 
certain lapse of time, varying from a quar- 
ter of an hour to an hour, he observed the 
space through which the small balls were 
moved from the position they had occupied. 
It may be well to state that a thorough ex- 
amination had been previously made as to 
whether any influence could be due to 
magnetism. 

This experiment had to be repeated very 
frequently, because of the minuteness of the 
range of these balls and the magnification 
of it. The application of the results was to 
be so important. He therefore made three 
experiments on each occasion, and observed 
the position that the balls took. He also 
observed another matter which is of great 
consequence, although this evening to be 
passed over very lightiy, namely, the num- 
ber of oscillations made by the small balls 
before they came to rest. These balls 
oscillate like a pendulum, and by the num- 
ber of times they swing before coming to 
rest certain calculations of great importance 
to the inquiry may be made. These calcu- 
lations being conipleted, the conclusion he 
arrived at was that the earth was 5.4 (say 
5} times) heavier than water. 

Now it is only right that you should be 
told how from these balls the density of the 
earth can be deduced. The mass or quan- 
tity of matter in these balls is known; 
their attraction upon the little balls is 
known from observation. The mass there- 
fore of any other ball being known, we can 
tell the attraction that it would have upon 
these balls. It is quite clear that if this 
large ball had double the mass, it would 
have double the attraction at the same dis- 
tance; if treble the mass, treble the attrac- 





tion, and soon. Again, if the mass of the 
little ball was known and the attraction or 
the great one known, and the mass of the 
great one known, then if ‘the mass of an- 
other ball is known, we shall get the attrac- 
tion of that other ball. It should also be 
attempted to make clear how from these 
two balls we can weigh the earth, and 
probably it will keep your interest alive in 
the matter if informed that, in 1835 (Cav- 
endish’s experiments being made at the 
close of the last century, about 1798), Mr. 
Baily, the founder of the Astronomical So- 
ciety, repeated them. Mr. Baily had been 
a stockbroker in London; he retired from 
business, and purchased a house in Tavis- 
tock place, the one, I believe, in which Mr. 
Digby Wyatt now lives. He there made 
many experiments, and some most extraor- 
dinary calculations, and did a large amount 
of astronomical work. Amongst other things 
he undertook to weigh the earth, and he 
weighed it as Cavendish did, namely, by an 
apparatus constructed on the same principle 
as the one before you. He swathed the 
box or chamber in which the balls were, 
with flannel, and put a gilded cover over all. 
He also lined the inside with tin-foil and con- 
nected it by a copper wire with the earth. 
These precautions were intended to neutral- 
ize, as far as practicable, changes in atmos- 
pheric temperature and terrestrial electricity. 
How important he considered it, you may 
judge from this, that he made more than 
2,500 experiments with balls of this char- 
acter; he sat watching them for 1,200 
hours, and that number of experiments ex- 
tended over some years. The repetition 
was planned in 1835, commenced in 1837, 
and concluded in 1842. The result of 
these 1,200 hours of watching, exclusive of 
the calculations which followed, led to the 
conclusion that Cavendish was right within 
a fraction of 2-10ths., that is to say, Caven- 
dish concluded that the density of the 
earth was 5.4 times that of water; Baily 
concluded that it might be 5.6 times that of 
water. 

It may be permitted to repeat the reason- 
ing in order if possible to make clearer the 
principle on which it proceeds. From the 
weights we know the masses of the large 
ball and of the small one. We know that 
the small balls in relation to the large ones 
were free from the influence of gravity; we 
also know by observatien how much the 
one attracts the other. Double the ball, 
and you get double the attraction, and 
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so on. Now, we know the size of the 
earth, and by placing this little ball on a 
spring balance, we know how much the 
earth will attract it. Therefore, the weight 
of the little ball being known, and the size 
of the earth being known, there is nothing 
left except the attraction to find ; and, as we 
have the attraction from the two balls, we 
can, by a simple arithmetical operation, 
determine that the earth is 5.6 heavier than 
water. 

This seems the best opportunity to name 
that the present Astronomer Royal (Prof. 
Airy), investigated by very different means 
and on very different principles, this ques- 
tion of how much heavier than a globe of 
water the earth is. Qualifying the con- 
clusions from his experiments, as himself 
suggests, consequent upon certain geologi- 
cal considerations, it may be asserted that 
Cavendish’s result is very nearly correct. 

Time passed by ; Cavendish’s experiment 
was made, as I told you, about 1798, and 
Baily repeated it about 1835. We must 
now go back, as a matter of history, to 
Cavendish’s time, and the next step we 
arrive at in determining the energy of 
gravity was the experiment that was 
made by Atwood, who was burn in 
1746. He was a Fellow of Trinity 
College, Cambridge, and was the first to 
entertain the idea of devising some plan of 
measuring the force of gravity. Let me 
endeavor to make this matter clear. Cav- 
endish determined the density of the earth, 
but he did nothing whatever as to deter- 
mining the force of gravity. Force, as 
stated in the first lecture, can only be 
measured by motion. We can easily ob- 
tain motion from the action of gravity, but 
we must observe that motion in order to 
measure force, If a weight be let fall it falls 
far too quick ly to permit of an estimate of 
the rate at which it falls. That rate is due 
to gravity. Atwood thought, as Galileo 
had previously done, that by causing the 
fall to be delayed, he might be able to 
draw a conclusion as to the exact force of 
gravity, and the plan he adopted was this. 
You are aware that the intervals between 
the ticks of a pendulum vary according to 

its length. Here is a pendulum, and you 
see the rate at which it is going; if, now, 
the pendulum weight be lowered, so as to 
lengthen the rod, you may observe that the 
pendulum ticks more slowly—in fact, it is 
now beating seconds. You were told, in 


tain unit of measurement, and the second 
is the unit of measurement usually taken 
fortime. Ifwe want smaller measurements, 
for it is easy to divide the second into a 
hundred parts, they are taken by another 
contrivance. A very simple and sufficient 
one is a clepsydra, or water clock, arranged 
specially for this purpose. 

What Atwood thought of doing in order 
to measure the force of gravity, having, you 
remember, no previous measurements to 
guide him (for Galileo did not touch the 
problem that Atwood proposed to solve), 
was to take two weights evenly balanced 
over pulleys such us these, the apparatus 
being most delicately made. You see that 
these two small weights are exactly balanc- 
ed, one being at each end of a cord which 
passes over pulleys at the top of the appa- 
ratus, so that the weight in descending 
passes down in front of a graduated scale. 
These weights, then, are exactly balanced. 
Here are three very small weights, fraction- 
al parts of the ones which are suspended. 
If one of these small weights falls by 
itself, it would fall so rapidly that its rate 
of falling could not be observed ; but if, 
whilst it is falling, it is caused to bring this 
mass of matter with it, the rate of falling 
will be retarded, whilst the law of the rate 
remains the same, that is, the law which 
governs the rate of falling will be similar, 
although the mass moved is increased. If 
now there be placed upon one of these bal- 
anced weights two of these little fractional 
weights, there is a something that will cause 
the connected mass to move, and this plat- 
form at the bottom will be struck about 
four seconds after the motion commences. 
The usual plan is to let the motion be com- 
menced by electricity, which at the same 
time sets the pendulum in motion. You 
can count the strokes of the pendulum from 
the commencement to the end of the mo- 
tion. You can see this mass of matter has 
been moved through 18 spaces in four 
seconds. If the measure be altered, you 
will readily understand that these frac-. 
tional weights would carry it through a 
different space in the same time; if other 
weights be put on, they would carry it 
through other spaces. The experiment as 
made before the apparatus was brought 
here shows that the force of gravity is such 
as to cause a body to fall through about 32 
ft. in one second, the meaning being that 
if this small weight had not been required 





the first lecture, that we must have a cer- 
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then it would have fallen from rest through 
32 ft. in the first second. That was the 
first attempt of estimating by measurement 
the force of gravity. 

But Atwood’s apparatus, though exceed- 
ingly good as matter of illustration, falls 
very far short indeed of that which Captain 
Kater adopted; and all that we have, 
and all that we know, of the form of the 
earth, and the true kinetic measure of 
gravity, spring from Kater’s experiments, 
and not from either Cavendish’s, Baily’s, 
or Atwood’s. Kater felt that if, instead of 
weights falling as they have fallen in the ex- 
periments of Atwood, he could observe the 
effect of gravity upon the weight falling, 
without associating it with other weights, if 
it could be kept quite distinct, and if in any 
way he could cause gravity to repeat the 
operation slowly and deliberately without 
any interference whatever, we might get at 
the conclusion much more rapidly than At- 
wood could by his arrangement, because 
the friction of the wheels, the weight of the 
cord, and other incidental matters affect the 
problem. What Kater did was to design a 
pendulum of which this is a copy. It was 
from a pendulum like this that not only was 


the force of gravity determined in all parts 
of England, but also the form of the earth 
itself has been decided and estimated. Our 
standards of weights and measures all come 


from a pendulum like this. If, in fact, the 
standards were all lost, it would be from 
such a pendulum they must be restored. 
Let me anticipate the conclusion by stating 
that when the standards were lost in the 
burning of the houses of Parliament, they 
were restored by seeking for copies, because 
the ‘great number of corrections and the 
great difficulty of counting this pendulum 
and freeing it from interfering causes, are 
very serious obstacles. Few are aware of 
the enormous difficulty there is in placing 
a pendulum so as to be free from external 
— and counting the oscillations 
of it. 

Whilst upon weights and measures, your 
attention may be directed to a small piece 
of wood here, which is a model of the stand- 
ard one-pound weight of Great Britain. It 
is one which a committee of learned men 
obtained, and this in my hand is a copy. 
The real standard is made of platinum. It 
is a cylinder 1.35 in. high and 1.15 in. in 
diameter. Observe there is a groove turned 
in it and there is an ivory fork by which it 
is to be lifted—these standards are not to be 





touched. There are only five of them made, 
and if ever the 1-lb. weight is lost in Eng- 
land, it is to be recovered, not by repeating 
Kater’s experiments, but by copying one or 
other of these five standards. The five are 
kept—one at the Exchequer Chambers, at 
Westminster, one at the Royal Mint, one 
with the Royal Society, one at the Royal 
Observatory, Greenwich, and one is im- 
mersed in the sill of the recess on the east 
side of the lower waiting hall of the New 
Palace at Westminster. 

To return, then, to Kater’s experiments. 
He had first to determine a pendulum 
which should vibrate seconds in the latitude 
of London. He did it in the house of Mr. 
Brown, in Portland place, which house has 
an astronomical bearing from Portland 
Chapel of 74 deg. 38 min. 50 sec. west from 
north, the distance being 283 ft., and there- 
fore the house is about halfway up Portland 
place on the left-hand side. In that house 
the pendulum was first adjusted. Nothing 
seems easier than to deal with a simple vi- 
brating ball on astring. Itis not, however, 
so easy as it seems. It cannot be made to 
swing in the same plane as this one now 
appears todo. If left free to choose its 
plane of vibration, it is seldom contented. 
It will not have a dozen swings in the same 
plane; it must, therefore, some how or other, 
be made rigid, and so prevented from such 
vagaries. Here is a small vessel of lead, 
hanging by a bundle of untwisted fibres 
from a hook, and you might think nothing 
could: be easier than to let it swing back- 
wards and forwards on the same path; but 
it will not swing for two minutes on the 
same path; hence, pendulums are all com- 
pelled to act in restrained paths, and gen- 
erally supported on knife edges. French 
clocks have two strings of silk to the pen- 
dulum. These are fastened to two hooks 
at the top, and the pendulum rod being 
hung from the junction of the two silken 
cords, it is constrained to describe a path in 
a plane at right angles to that in which are 
the silk threads. 

To return to the leaden vessel. It is now 
filled with fine white sand, and at the bot- 
tom there is an opening out of which the 
sand can trickle whilst the vessel swings 
freely. The figure caused by the sand 
falling on a board beneath will show the 
path that the vibrating body describes. 
It shall now be let go in what appears to 
be a straight line. If you watch that path 
you will see it is a very curious one. The 
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sand at once indicates that the ends of the 
line are travelling round, also that the line 
itself is becoming wide in the middle. In 
fact, a straight line is seldom formed by the 
falling sand from such pendulums. Even 
ifa circular path be commenced, you will 
find it cannot be retained. It reminds one 
very much of one of the secular astronomi- 
cal changes, that is, our year of 365 days 
and a fraction results from this gradual ad- 
vance of the perihelion path of the orbit of 
the earth; observe it tends first to a straight 
line, then through an ellipse to a circle, and 
then a return action commences, and it will 
repeat this process from the straight line 
opening out again, and so pass on through 
various phases, until it comes to rest. 
Hence a pendulum constructed of a simple 
form is of no value, and yet it is in its sim- 
ple form we require it. It was needful to 
assume for the purpose of the calculation 
that we can make a pendulum do that 
which this swinging vessel of sand is not 
doing. 

Captain Kater was the first to deal with 
the case of converting the compound pen- 
dulum into a simple one. A pendulum is 


said to be a simple one when it consists of a 
heavy particle at the end of a very light 
thread. Such is almost an imaginary pen- 
dulum. All pendulums that we see are 


compound ones. Now, by pursuing the 
plan adopted by Captain Kater, he was 
able to obtain from the compound pendu- 
lum what would be the length of an equiv- 
alent simple pendulum. His pendulum has 
two pairs of knife edges, a pair at the up- 
per end, on which it swings, and a pair at 
the lower end. He placed one pair of these 
knife edges on a smooth, hard surface, so 
that the pendulum might vibrate without 
anything causing it to continue its vibrations 
except the force of gravity. Now, if you 
look to this diagram you will see the motions 
of acompond pendulum. If it were short 
it would move thus, and if it were longer it 
would move more slowly. The black dots in 
the diagram represent the lower ends of 
pendulums of different lengths. Assume 
that the black dots are the ends of separate 
pendulums, one behind the other, from the 
same support, they will then occupy those 
places after the same interval of time from 
rest; if, however, these pendulums are 
united, then the one is kept back by the 
action of the other; now they are really 
united in a compound pendulum. There 
8, however, some point or other at which, 





if all these masses were concentrated, the 
velocity at that point would be the velocity 
of the mass, therefore such a pendulum 
would vibrate in the same time, and it 
would be called a simple pendulum. 
Kater found that this collected point, 
which is called the centre of oscillation, 
and this at which the pendulum is sus- 
pended, are interchangeable; in fact, he 
found that if the pendulum was accurately 
adjusted by means of these movable 
weights, he could suspend it upon a pair 
of the knife-edges, and he could get a cer- 
tain number of vibrations in a minute or a 
second. Then, if he turned it upside down, 
assuming the pendulum to be right, and 
caused it to swing as before, upon the 
other pair of knife edges, it would make 
the same number of vibrations. Thuse 
two points he marked, and the distance 
between them is the length of an equivalent 
simple pendulum. With such a compound 
pendulum as now described, and of which 
the one before you is a copy, counting the 
number of vibrations it makes, you can al- 
ways deduce the length of a simple pendu- 
lum that would make the same number of 
vibrations. 

What Kater did, then, was this—he had 
a clock kept going, strictly to truth, that is, 
to true astronomical time. The clock was 
furnished with a gridiron pendulum of the 
construction shown in the diagram, and 
so carefully arranged as not to be altered in 
length in consequence of change of tempera- 
ture. On the bob of the pendulum, in front, 
was a white speck, as on the pendulum bob 
of this clock. He placed the compound 
gravity pendulum, which has been describ- 
ed, in front of the clock, the clock pendu- 
lum beating 86,400 strokes per mean solar 
day. The rate of the clock was determined 
by astronomical observations, and therefore, 
on any part of the earth’s surface, it would 
be possible to so arrange the solar pendu- 
lum that the clock should always record 
86,490 beats in a mean solar day. 

Now let us turn to this two-ended pen- 
dulum of Capt. Kater. It is of an invari- 
able length, and acted upon directly by the 
force of gravity; there are no weights or 
clockwork in connection with it. When it 
is up on one side, it is the power of gravity 
that causes it to fall, and it is gravity which 
keeps it going. If, for example, a powerful 
magnet be placed under that pendulum, 
then it will come to rest sooner than it 
would otherwise do, because it is pulled 
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down with greater force. If, therefore, 
gravity changes in its pull on this pendu- 
lum, it will tell on the rate of its vibrations. 
The rate of vibration of the equivalent 
simple pendulum is known, because it has 
been calculated from this compound one; 
hence, if this compound pendulum be plac- 
ed in front of the clock keeping astronomi- 
cal time, and if the vibrations of the pen- 
dulum be counted whilst the vibrations 
of the clock pendulum are being recorded, 
it might be ascertained whether the force 
of gravity varied in different places. 

The means by which Kater compared 
these vibrations are very simple. You see 
the white speck, previously referred to, on 
the bob of this gridiron pendulum. He 
took a telescope and placed it at some dis- 
tance on a level with that white speck. 
Between the white speck and the telescope, 
and near to the gridiron pendulum, swung 
the gravity pendulum, which moved slower 
than the other, being made a little longer. 
Keeping his eye upon the telescope, and 
directed upon a narrow piece at the end of 
the gravity pendulum, which was the same 
width as the white circular speck upon the 
bob of the clock pendulum, he could tell 
when the two coincided. As one pendulum 
swung slower than the other, it was quite 
clear that a coincidence must take place, 
and he noted the time of the coincidence. 
That was the beginning of counting vibra- 
tions, and he then waited until they separ- 
ated and until the coincidence again took 
place a second time, which gave the number 
of the vibrations in a given time as record- 
ed by the clock. Experiments like these 


. were repeated very frequently and carefully, 


until at length the average was obtained as 
to the number of vibrations that this gravity 
pendulum made, compared with the vibra- 
tion that the one on this mean solar clock 
made. Within the tube of this telescope 
there are crossingsof very fine wires—so fine 
as to be hardly visible to unaided vision; 
the threads of a spider’s web were formerly 
used for this purpose. A spider is taken in 
the fingers, then, if shaken, he would run 
his web out to save himself, and this web 
was placed in the focus of the eye-piece, and 
the threads were so that the crossing of them 
was in the axial line of the telescope. It 
was by looking along that axial line that 
the time was observed when the coincidence 
of these two pendulum marks took place. 
The accuracy with which that was done is 
more easily to be imagined than realized. 





Assuming that this has been accomplish- 
ed, let us look for a moment to other ele- 
ments which would disturb the result. In 
the first place, the pendulum vibrated in 
air; and you were told, in the first lecture, 
that a body weighed in air and weighed in 
any other medium is not balanced by the 
same weight. Hence the effect of the 
air upon the pendulum has to be consider- 
ed. Then the pendulum is vibrating in a 
changing atmosphere, sometimes warm, 
sometimes cold, and a change of the tempe- 
rature causes an expansion or contraction ; 
hence the effect of that expansion was to be 
considered. And, simple as it seems, to 
estimate whether a pendulum is longer or 
shorter is reallv very difficult. Indeed, great 
was Captain Kater’s perplexity about it. 

He measured the length of his pendulum 
thus; he formed a box similar to the one 
on the table, and laid his pendulum in it, 
and applied a microscope over one of each 
pair of opposite knife-edges, placing behind 
them a piece of white paper, so that the 
edge might be seen. He then applied the 
microscope. Again he put beneath them a 
piece of black paper, and he found that the 
measurement with the white paper was 
never the same as the measurment with the 
black paper. After describing how with 
microscopes he attempted to measure be- 
tween knife-edge and knife-edge, by plac- 
ing them when white on a black ground, 
and when black on a white ground, he 
adds:—‘In one case, the knife-edges 
seemed to start forward to each other.” 
This difficulty is summed up thus:—‘ On 
the cause of this extraordinary fact I can 
hazard no conjecture, and it remains an 
interesting subject for future investigation.” 

We now know that this resulted from a 
phenomenon called “irradiation.” Hence 
he was bound, even in looking through 
those microscopes, to strike an average of 
the apparent errors. 

Another error that occurred, which he 
also found great difficulty in remedying, 
and indeed never did remedy, so that in 
fact the experiments he made are liable to 
some infinitesmal corrections still, was 
this :—If a pendulum vibrates, as this one 
was doing just now, the air clings to it, and 
is carried along with it, from what is called 
the “viscosity” of the air. That viscosity 
is such, that if you were to put a 
short piece of gold leaf projecting edge- 
ways upon the face of the pendulum 


bob, you would find that the gold leaf moved 
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with the action of the pendulum, and was car- 
ried along with it, so that it turned neither 
to one side nor the other. If, however, 
the gold leaf projected beyond a certain dis- 
tance, then you would find it bend with 
the air. Therefore the atmosphere in im- 
mediate contact with the bob was dragged 
along with the pendulum, and that par- 
ticular element Captain Kater was not 
aware of. Government, some years ago, in 
order to set this question at rest, had large 
vacuum chambers erected, and pendulums 
set vibrating in them, to ascertain how 
great an error was caused by the viscosity 
of the air. 

Captain Kater having determined the 
length of this pendulum in the latitude of 
London in 1818, it was thought of great 
consequence to ascertain how far the force 
of gravity varied in different latitudes. 

A memorial was presented to the Govern- 
ment in 1818 in order to ascertain by means 
of a pendulum how gravity varied through- 
out the British Isles, and Kater was com- 
missioned to take steps for the purpose. 
Government placed at his disposal certain 
members of the Roya! Corps of Engineers, 
with whom he setout to the north of Scotland, 
and made experiments at various places. 
He went up to Unst, in the Shetland Isles, 
then he came down to Portsoy, then to 
Leith, then down to Clifton in Yorkshire, 
then to Ashbury, then to London, and then 
to the Isle of Wight, and in each of those 
places he made certain experiments based 
upon the principles now too briefly describ- 
ed. This lecture would extend far beyond 
the allotted time if it entered into details 
with reference to local arrangements and 
special calculations. It may suffice to refer 
to the table on the wall for particulars of 
the results. The following is a copy of the 
table :— 





Length 
ofa 
pendulum 
to 





Vibrations 
Latitude in 
f a@ mean 


0 
Place. solar wiiesie 
day. 


seconds. 











deg. . sec. 
60 28 2 | 86,096.99 | 39.17146 
57 58 65, 86,086.05 | £9.16159 
55 40.8 | 86,079 40 | 29115554 
Clinton ......| 53 27 43 12 86,068.90 | 39.14600 
Ashbury Hill ..| 52 12 55.32) 86,065.05 | 39 14250 
London 51 8.4 | 86,061 52 | 39,13829 


Shanklin, or) 
rather Dun-~ | 50 — 86,058.07 | 39.13614 














From this table it will be seen that the 
length of a pendulum vibrating seconds in 
the places respectively entered is that given 
in the last column. 

These lengths are sufficient to enable a 
mathematician to calculate the force by 
which the pendulum is.caused to swing. 
Now, as the only force causing the swing 
is that of gravity, such a calculation deter- 
mines the force of gravity at that place in 
relation to its power to produce motion. 
Hence is deduced those 39 in., which, in 
ordinary expression is thus broadly stated 
to be the length for pendulums vibrating 
seconds in the latitude of London. 
Captain Kater deduced that 39.1382 in. 
was the length of a pendulum vibrating 
seconds in Mr. Brown’s house in London. 
This length requires to be reduced to sea- 
level. Now, the rooms of the Royal 
Society, at Somerset House, are 81 ft. above 
low-water, and by the aid of a mountain 
barometer, made by Ramsden, Kater found 
the room in Portland place to be 2 ft. 
below those of the Royal Society, and as 
the length of pendulum above the floor 
was 4 ft., the elevation of pendulum above 
sea-level is 83 ft.* Now gravity varies in- 
versely as the square of the distance of the 
place from the centre of the earth, therefore 
the length of pendulum must be increased in 
this proportion ; and taking the radius of the 
earth for the latitude of Portland place to 
be 3954.583 miles, we have 39.1386 in. for 
pendulum vibrating seconds at the level of 
the sea in the latitude of London. 

The greatest difference between the 
mean and that of any of the sets of ex- 
periments isonly .00028 of an inch, or 
taa'sx5 Of length of pendulum. The length 
39.1386, as thus determined, is that re- 
quired to perform one vibration, in gz}55 of 
a mean solar day, under the circumstances 
described, and at the level of the sea. 

Finding how much could be obtained 
from this, with regard to the British Isles, 
Government commissioned Captain Sabine 
to go to different places on the east coast of 
Africa, the Island of Ascension, Bahia, 
Trinidad, Jamaica, New York, Greenland, 
and Hammersfest in Norway, and repeat 
Captain Kater’s experiments. These ex- 
periments are repeated, and then, by an 
arithmetical process, which need not be 
referred to in detail, it was very easy, hav- 





*There is reason to conclude that these measurements re- 
quire to be corrected.—A. R. 
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ing given the number of vibrations of this} Capt. Foster afterwards repeated these 
invariable pendulum (for the distance be- | experiments, and made others, and from 
tween these knife edges did not vary), per- | them has been obtained the figure of the 


formed in a solar day, to calculate the 
power that was pulling it; and from that 
calculated power could be obtained the 
mass of the earth beneath the place where 
it was being pulled, making, of course, all 
the allowances for corrections and other 
circumstances. That calculated power 
gives the 32 ft. which we are all acquainted 
with as the measurement of gravity. The 
meaning of which is, that gravity will 
generate in a 1 lb. weight, in 1 sec., a ve- 
locity 32 times greater than that which it 
is agreed shall be called the unit or absolute 
measure of force. Put conversely—the | 
absolute unit of force is equal to the weight | 
16 02. 





oz. nearly. 


earth, and calculations of all kinds used in 
scientific investigations throughout the globe 
depend upon them. Captain Foster was 
unfortunately drowned in the river whilst 
observing some of his experiments, but Mr. 
Baily undertook to tabulate his results, and 
completed the calculations on the data 
which had been obtained by Captain Foster’s 
observations. The calculations Mr. Baily 
made for this purpose occupy many closely- 
printed quarto pages of figures. The result 
was solely to ascertain the length of the 
pendulum, and so deduce the figure of the 
earth. Great beyond all ordinary estimate 
is the amount of care, patience, presever- 
ance, and anxiety that attends experiments 
of this kind. 





ON THE MOLECULAR CHANGES PRODUCED IN IRON BY VARIA- 
TIONS OF TEMPERATURE. 


By Proressor R. H. THURSTON. 


From “Iron Age.” 


1. To determine with accuracy what are 
the molecular changes which are produced 
in iron by variations of temperature, and of 
other physical conditions, it should be first 
ascertained, by experiment and observation, | 
what are the normal relations of the mole- | 
cules, and, afterwards, by similar means, in | 
what way and to what extent those relations | 
may be naturally or artificially altered. 

So much having been done, the investi- | 


views of the molecular constitution of mat- 
ter; views which are usually considered to 
most fully accord with observed phenome- 
na. 
(1.) All matter consists of indefinitely 
small parts, having dimensions and forms 
which are unchangeable by finite power, 
and which are endued with the properties 
of impenetrability and inertia. 

(2.) These “atoms” are separated by 


gation of the changes in the mechanical spaces which are absolutely very small, but 
properties of iron, which result from these which are immensely great in comparison 
molecular changes, is a secondary research, with the atoms themselves. 
and should naturally follow the preceding,| (3.) Several atoms, when united by 
as its sequel. | chemical force, form a molecule, and aggre- 
The almost insuperable difficulties which gations of molecules, with intermolecular ~ 
are encountered in attempting to deal with | spaces, make up the masses of all matter. 
particles of seemingly infinitesimal dimen-, (4.) Forces, both of attraction and repul- 
sions, and with intermolecular spaces of im- | sion, exist between atoms and molecules. 
measurably minute extent, have, as yet, | These forces vary in intensity with changes 
prevented a satisfactory prosecution of the of distance between molecules. The result- 
first part of the investigation by even the ant of these sets of forces is sometimes at- 
ablest physicist, and the second division of tractive and sometimes repulsive, changing 
the subject still remains as a problem only | at times, and under definite conditions, from 
partially solved, notwithstanding the fact | the one direction to the other. There may 
that a considerable amount of experiment thus be exhibited several alternations of 
and discussion has thrown light upon it. | attraction and repulsion within a very mi- 
2. The following may be considered as a | nute range. 
statement of the most generally accepted| (5.) Atsensible and measurable distances 


| 
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the attractive force varies inversely as the 
square of the distance between the centres 
of attraction, and is termed gravitation. 

(6.) Gases manifest repulsion only in a 
degree which, in “ permanent” or perfect 
gases, varies inversely as the volume of the 
mass. 

Liquids exhibit a perfect equilibrium of 
attractive and repulsive forces, but offer 
immense resistance to the disturbance of 
that equilibrium, by effort to reduce their 
volume appreciably, and less, although con- 
siderable resistance to its disturbance by 
increase of volume. 

Liquids, however, offer exceedingly slight, 
and sometimes immeasurably slight, re- 
sistance to change of relative position of 
their particles, which, therefore, move more 
or less freely among each other, according 
to the greater or less viscosity of the liquid. 
They thus offer little or no resistance to 
change of form. 

Solids are composed of aggregated mole- 
cules existing in the same condition of 
equilibrium as is seen in liquids, and offer- 
ing similar resistance to change of volume; 
but they differ from liquids in exhibiting 
resistance to change of form, which resist- 
ance can usually only be overcome by 
actual destruction of cohesive force. This 
peculiar condition is the result of that form 
of force which has been termed “ polarity.” 

(7). These three forms of matter are not 
distinctly separated from each other, but 
the same substance may pass, by gradual 
change, from one to another of the several 
classes, and may, in its ordinary state, ex- 
hibit such physical characteristics as to 
make it difficult to determine to which of 
two classes it is to be assigned. 

In addition to the above it may be 
added : 

(8.) Solid bodies offer a resistance to 
change of form, which, within narrow limits, 
is proportioned to the magnitude of that 
distortion. 

- Beyond these limits the force producing 
change of form soon separates the atoms 
completely, by overcoming gradually the 
interatomic forces, and rupture takes place. 

3. The last principle was discovered two 
centuries ago by that wonderfully acute 
philosopher, Robert Hooke, who published 
in 1678 his now well known law, “wt 
tensio sic vis.” 

The first seven of the preceding principles 
embody the general theory of Roger Joseph 
Boscovitch, who first published it in an 





important treatise printed at Vienna in 
1759. 

Both of these early philosophers based 
their theories upon such unsatisfactory 
experiments as they were able to observe 
before scientific methods had begun to ex- 
hibit the exactness and the delicacy now 
characterizing them. 

It seems equally remarkable that their 
deductions should accord so perfectly with 
later determinations, and that so little 
progress should have been made since, in 
researches upon intermolecular relations. 

That portion of the theory of Boscovitch 
which supposes several alternations of 
attractive and repellant resultant forces, 
has received some apparent confirmation by 
experiment, but it is by no means proven. 
It. would seem more probable that the at- 
traction of cohesion, and the repulsive force 
of heat energy, are the two simple inter- 
molecular forces which determine inter- 
molecular distances. 

Rankine’s theory of molecular vortices 
affords a hint as to the possible action of 
heat here referred to. 

4. It would seem very possible that 
phenomena apparently conflicting with 
this latter belief, will find explanation in 
molecular changes of position, rather than 
in the interaction of forces differing in na- 
ture, from those familiar to us. 

In all familiar examples of solids the 
force of repulsion increases more rapidly 
than that of attraction as the molecules are 
forced to approach each other, and the re- 
verse is observed as they separate. The 
molecules oceupy, when undisturbed by 
external forces, positions of equilibrium 
which have been attained by passing over 
a range through which, at a constant 
temperature, attractive force has predomi- 
nated, and the alternations referred to above, 
can, if observed at all, only be seen after 
compressing the mass and forcing the 

articles past this first position of equi- 
ibrium. 

‘The other principles stated, if not abso- 
lutely proven by experiment, are at least 
rendered extremely probable, and are un- 
contradicted by any recorded phenomena. 

Hooke’s law has been proven sufficiently 
exact by numerous experimenters upon the 
tensile and compressible resistances of 
materials, and by Chevandier and Wert- 
heim, and later, more fully, but not with 
more precision, by the writer, in a series of 
experiments upon torsional resistances, in 





MOLECULAR CHANGES IN IRON. 





which the apparatus was made self-re- 
gistering.* 

5. We remain at present in almost per- 
fect ignorance of.the true nature and exact 
relations of the forces which are concerned 
in determining these physical conditions of 
matter. 

So much as is known is, apparently, in 
conflict with every hypothesis yet proposed, 
in some essential point, yet we cannot re- 
sist the conviction that these forces are 
simple modifications of those most familiar 
to us; the attractive force being that of 
cohesion, and the repellant force being that 
of heat motion, while a third force, or third 
component of the one force, is that known 
as “ polarity.” 

It would seem, from the experiments of 
Coulomb, Professor Henry, Plateau, and 
others, that the elasticity and resistance of 
solids are due, principally, to the action of 
molecular forces during changes of molecu- 
lar grouping, rather than to changes of 
distances between particles. The latter 
has an exceedingly slight range, but, as 
shown by those experiments of Wertheim, 
which indicate an alteration of volume by 
tensile stress, an actual, though slight, 
change of atomic distances does probably 
take place. 

It cannot be asserted that these experi- 
ments are absolutely conclusive on this 
point. 

6. The experiments of Prof. Baden 
Powell upon the effect of heat in altering 
the breadth and diameter of Newton’s 
rings, ¢ are strongly confirmatory of the 
opinion, already expressed, that the repul- 
sive force of the intermolecular spaces is 
that of heat motion. 

7. The experiments of Dr. Andrews upon 
the “critical state” of substances pass- 
ing from the liquid to the gaseous eondi- 
tion, and vice versa, are considered, by 
him, to indicate that those states are “ but 
widely separated forms of the same condi- 
tions of matter,” and that the one may be 
made to pass into the other without abrupt 
change.t 

M. Cagniard de la Tour made the earliest 
experiments in this field in 1822, and was 
closely followed by Faraday. 

Dr. Andrews’ more recent researches are 
probably the most complete and the most 
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fruitful. His investigations of the phenom- 
ena accompanying the changes of carbonic 
acid, as to temperature and pressure, and 
particularly while passing through that 
phase of transition known as the “critical 
state,” have thrown some light upon mole- 
cular relations. 

The “critical state” is that condition of 
matter in which it exists when just passing 
from the liquid to the gaseous state, or the 
reverse, by a regular, as distinguished from 
the more familiar irregular process. It con- 
stitutes the “debatable ground” between 
these two states of matter, whence it is im- 
possible to determine in which condition it 
should properly be considered. 

It is found that, when just approaching 
this point, liquids are even more compressi- 
ble than in the antecedent gaseous condi- 
tion. 

Water passes through the critical state 
at a temperature estimated at about 770 
deg. Fahr. by M. Cagniard de la Tour, and 
at a pressure too high to be accurately 
measurable. 

At this high temperature and pressure it 
dissolved the glass tubes in which it was 
attempted to confine it. 

8. Dr. Andrews found that carbonic acid 
exhibited this gradual and regular change 
from the gaseous to the liquid condition at 
a much lower temperature. 

The experiment of M. Tresca on the 
“flow of solids” || are exceedingly interesting 
and valuable in this connection, as lending 
confirmation to the views expressed by Dr. 
Andrews. 

The phenomena of the critical state are 
considered by high authorities as strongly 
confirmatory of that portion of the Bosco- 
vitch theory which most requires confirma- 
tion. 

9. After having passed from the gaseous 
to the liquid state, matter is found exceed- 
ingly difficult to reduce in volume. A pres- 
sure of one atmosphere produces, in the 
case of water, a decrease of volume of but 
forty-six one millionths.§ ; 

10. In liquids, attractive force makes it- 
self observable, although the extreme mo- 
bility of their particles prevents the ready 
or accurate measurement of its value. 

Professor Henry, who made the first at- 
tempt to estimate it, considers that the co- 
hesive force of water is several hundred 
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pounds per square inch. This considerable 
force resists change of distance between 
molecules, but does not perceptibly influence 
change of form, and we have, therefore, the 
curious fact to observe here, of the co- 
existence of cohesive force with al- 
most perfect mobility of particles; the 
latter condition rendering the resistance to 
change of form very difficult of detection 
and measurement. 

11. In the process of transition from the 
liquid to the solid state, in addition to the 
generally continued diminution of volume, 
molecular approximation, and the assump- 
tion of new positions of equilibrium by the 
particles, in consequence of the abstraction 
of heat, another, as yet unexplained, action 
occurs, which may be called, for want of a 
better term, molecular polarization. 

This new force comes into play at a point 
which is definitely fixed, for each substance, 
on the scale of temperature, and although 
the resistance to forces tending to produce 
changes of intermolecular distances may be 
but little increased, resistance to change of 
form makes itself observable, generally sud- 
denly, and solidification is produced by the 
fixation of molecules in definite relative 
positions. 

The charcateristic which distinguishes 
the solid from the liquid state is the effect, 
apparently, of this force of “ polarity,” 
simply. 

Dr. Henry remarks: “It isin accordance 
with the phenomena of cohesion to suppose 
that when a solid is liquefied by increase of 
temperature, instead of the attraction of 
the liquid being neutralized by the heat, 
that the effect of this agent is merely to 
neutralize the polarity of the molecules, so 
as to give them perfect freedom of motion 
around every imaginable axis.” This au- 
thor was probably the earliest to detect, and 
to state thus precisely, the part played by this 
force of polarity in molecular phenomena. 

12. The cohesive force which makes its 
appearance when a gas becomes liquefied 
is probably considerably increased in all 
cases when solidification occurs; but the 
mobility characteristic of the liquid state is 
so perfect that it is difficult to make the 
comparison, and we, consequently, have 
searcely any reliable data from which to 
estimate the value of cohesion in fluids. 
The most valuable are probably those of 
Prof. Henry*, already referred to, from 
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which he estimated the cohesion of water to 
be nearly that of ice. 

13. In the cases of some, and, probably, 
of many solids, the relation of these inter- 
molecular forces becomes such that, if the 
force of polarity is overcome, and the mole- 
cules forced from the relative positions 
which they originally assumed, without, at 
the same time, changing their relative dis- 
tances to such an extent as to destroy their 
tenacity, they may slide into new positions 
in which they will tend, under the action of 
this polarity, to remain permanently as be- 
fore. The action here referred to is illus- 
trated by some of Coulomb’s experiments 
on torsion, by those of the writer on the 
same point, by M. Tresca’s experiments on 
the flow of solids, and by the common meth- 
ods of “squirting” lead pipe and of 
“spinning ” brass. 

In the experiments of Coulomb, a wire 
which had been twisted so far as to have 
taken a permanent set, was found to have 
its elasticity still unimpaired, and could be 
twisted as far, without taking a new set, as 
it could originally before taking the first. 
In some examples, several successive posi- 
tions of set, with equal elastic limits, were 
found. Even a thread of clay, soft and 
plastic as it is, exhibits this peculiar action. 
The experiments of the writer on iron and 
steel ths of an inch in diameter give pre- 
cisely similar results. 

These experiments are usually quoted in 
support of the Boscovitch theory of alterna- 
tion of attraction and repulsion, but it may 
certainly be questioned whether the view 
just presented is not by far the more prob- 
able one—the successive sets being pro- 
duced by successive renewals of the action 
of polarity, as the molecules were forced to 
move among each other without such in- 
crease of intermolecular distances as _ to de- 
stroy their cohesion. 

14. In cases of true crystallization we 
have no means of determining whether the 
formation of the crystal, in its invariable 
and symmetrical form, is due to Prof. 
Henry’s polarizing force, or to still another 
distinct force, or component of the one in- 
termolecular action. 

Since, however, it would be generally 
supposed that one force may produce both 
phases of polarization, the universally re- 
cognized “principle of least action” in na- 
ture suggests the belief that there is but 
one. 

The phenomena of magnetism, and of 
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diamagnetism, are undoubtedly exhibitions 
of molecular action, under these intermole- 
cular forces, but it remains to be deter- 
mined whether they are, also, produced by 
the force under consideration. 

The experiments of MM. Chedeville and 
Treve, at Brest, and of other experimenters, 
indicate, at least, some relationship between, 
if not the identity of, these forces. 

15. It is sufficiently evident that, granting 
the relation of these several forces to be 
such as is indicated by what has preceded, 
the attractive, repulsive, and polarizing 
forces of matter may have any relation of 
intensity, and consequently, that substances 
may exist in very various conditions. 

We may have a mass of matter, in which 
repulsion of any degree of intensity, may be 
recognized only as with the gases; attrac- 
tion and repulsion may equilibrate each 
other, uniting to produce a mass resisting 
change of molecular distance, with any de- 
gree of force, and yet, in the absence of po- 
larity, offering little or no resistance to 
change of form, as is the case with the mo- 
bile liquids. The addition of the polar- 
izing force confers viscosity upon liquids, 
and this viscosity has every value until, as 
it becomes great in proportion to the inten- 
sity of the other forces, we find the mass 
rigid, and if cohesion is, at the same time, 
considerable, the body is hard. A body 
like the diamond would have great cohe- 
sion, and, relatively, still greater polarity ; 
iron exhibits great cohesion and considera- 
ble polarity, at ordinary temperatures, po- 
larity vanishing faster than cohesion, prob- 
ably, when the metal is heated. 

16. There are some remarkable, and still 
mysterious, molecular phenomena for which 
we have neither the space nor the data ne- 
cessary to their discussion. 

The most striking is what may be 
termed molecular friction. This peculiar 
phenomenon has been frequently noted, but 
does not appear to have attracted the atten- 
tion or to have provoked the careful re- 
search that its possible importance should 
have prompted. 

If a bar of steel is magnetized and de- 
magnetized, it is noticed that it most readily 
accepts afterward the polarity first con- 
ferred upon it. What is known as “resid- 
ual magnetism” is another method, proba- 
bly, of manifestation of the same action. 
It is well settled that magnetic phenomena 
are phenomena of, or invariably accompa- 
nied by, molecular movement, and there ap- 





pears in these cases, to be exhibited a kind 
of interatomic friction, which, producing a 
“set,” prevents the return of the particles 
to their original positions, and allows the 
force of polarity to be most readily over- 
come in a definite direction. 

The “ fatigue” of metals, which has been 
so fully and elegantly investigated by Woh- 
ler,* may be an exhibition of the effect of 
similar causes. It may, however, be simply 
due to unequal tension, and the consequent 
gradual rupture, successively, of over- 
strained portions of metal, the work being 
thus thrown upon smaller and smaller sec- 
tions of sound metal, until the whole be- 
comes finally disrupted. 

The determination of the effects of chemi- 
cal changes upon molecular tensions pre- 
sents a wide and, as yet, almost absolutely 
unknown field of research. 

For one of the most complete and con- 
sistent theories of molecular physics which 
has been proposed, we are indebted to Pro- 
fessor W. A. Norton.t 

17. It will require much additional ex- 
perimental investigation, and far more care- 
fully planned and systematic research than 
has been yet given to the subject, to fur- 
nish the basis for a perfectly satisfactory 
theory of the nature, and modes of action, of 
corpuscular forces. 

lf we may Craw any conclusions from 
what is known already, we should probably 
infer that, when in the gaseous condition, 
the molecules of matter tend continually to 
separate, under the action of a repellant 
molecular force, which has greater magni- 
tude as the gas is compressed. 

As this compression goes on, either by 
the application of mechanical force, or by 
the abstraction of heat, a point is finally 
reached at which an equilibrium occurs be- 
tween the forces tending to produce reduc- 
tion of volume and those tending to expand 
the mass. 

Any effort which may be made to destroy 
this equilibrium, and to increase the inter- 
molecular distances, and, by the same ac- 
tion, to enlarge the volume, may be found, 
as in the case of water, to be resisted with 
some force, while an effort to produce a 
change of distance, by forcing the particles 
from their positions of equilibrium in the 
other direction, reducing the volume, may 
meet very great resistance. And while re- 
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sistance to change of distance is observed, it 
may happen that the resistance to change of 
position, among the molecules in a group, 
may be, and often is, quite unobservable. 

18. Abstracting heat still further, solidifi- 
cation finally occurs. 

As, throughout the process of contrac- 
tion, up to this point, the attractive force 
has gradually increased in its power of 
resisting disturbance of equilibrium and 
change of molecular distances, it would be 
anticipated that the solid would exhibit 
greater cohesion than the liquid. There is 
but little evidence bearing upon this point, 
and it will require extended and skilful, as 
well as patient, investigation in the field of 
Prof. Henry’s labors, to furnish what is 
needed. What we have learned indicates 
that this increase does occur, and that its 
amount is very great. 

19. The simple increase of cohesive force, 
where the distances between the molecules 
are still so immense in comparison with the 
magnitudes of those molecules, would not 
be expected to give increased elasticity of 
volume. On the contrary, during the 
change from the gaseous state the loss of 
elasticity of volume has been a marked 
characteristic. 

(It is considered by some philosophers to 
be well ascertained that the radius of mole- 
cular action is less than one five-millionth 
of an inch in some cases*, and that it prob- 
ably does not equal one two-thousandth of 
an inch in any instancet. At least one 
writer considers that the molecule has an 
orbital radius not exceeding 1-250,000,- 
000th of an incht. The existence of animal 
organisms as small as 1-250,000,000th of 
an inch in length indicates that even these 
figures are not probably too small.) 

20. An unavoidable inference from the 
language of authorities most frequently 
quoted is, that elasticity of form—the qual- 
ity of which the so-called elasticity and the 
resilience of solids is a consequence—re- 
sults from the existence of a property in 
solid matter by which change of distance 
between molecules may occur to a marked 
extent without rupture. 

This, if true, would indicate elasticity of 
form to vary with elasticity of volume. 

This, we should infer, may be a mistake, 
the elasticity of volume being probably less 
in the solid than in the liquid, while elas- 
ticity of form is absent in the latter. 
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If it be the fact that the elasticity of 
form and the resilience of solids are not due 
to elasticity of volume, primarily, we are 
justified in attributing them to the pro- 
perty of pliability, produced by the com- 
paratively wide range of intermolecular 
movement permitted by the force of polar- 
ity. In examples of great elasticity, it may 
have an intensity, small in comparison 
with that of the other forces acting in the 
mass, and, at the same time, it, or the co- 
hesive force, or both, may vary at a less 
than ordinary rate with a given change of 
distance. 

21. We have followed what can be con- 
sidered as scarcely more than a train of hy- 
potheses, but it is evident that the faint 
light which has been thrown upon the sub- 
ject exhibits, at least, a probability that 
they approximate with some degree of 
closeness to the truth. 

We may deduce from what has been 
stated, finally, that it is extremely probable 
that the contraction in volume, of a solid, 
by approximation of molecules, will increase 
the absolute strength while decreasing the 
viscosity of the body, and, as a consequence, 
diminishing the resilience, by contracting 
the elastic limits. The mass might have a 
higher modulus of elasticity, and higher 
tenacity, but would more readily yield un- 
der a shock or a blow. 

22. Weshould expect these changes in met- 
als to be most marked within ordinary lim- 
its of temperature, in the cases of those met- 
als which have lowest temperatures of 
solidification, since in such examples the 
complete change from absolute mobility to 
perfect rigidity is comprised within the 
least range of temperature. 

23. All other things being equal, since 
lowering the temperature reduces the mo- 
bility of particles, and increases the viscos- 
ity of the metal, we should anticipate that 
the greater toughness of the material at the 
higher temperature, while in the solid state, 
would not only exhibit itself in greater re- 
silience, but would also modify the charac- 
ter of the fracture, when ruptured by exter- 
nal force, making it less “short” and 
glass-like—wherever the substance pos- 
sessed anything of the characteristics illus- 
trated by Coulomb’s experiments, noted 
above—at a high, then at a low heat. The 
fracture would be expected to appear “ fib- 
rous ” and “ thready ” when, as in ordinary 
wrought iron, foreign substances present or 
varying quality of metal should produce in 
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adjacent parts unequal “drawing down” 
at the higher temperature. 

24. Where, as in iron, the change from 
the liquid condition through the pasty, 
semi-fluid welding state, to the condition of 
comparative brittleness at ordinary tempe- 
ratures, has been a somewhat regular one, 
it would’ be anticipated that the change 
might continue with still further decline in 
temperature. It would not appear unlikely 
that such change might progress indefi- 
nitely, or until resilience was absolutely 
destroyed by the approximation of mole- 
cules, and the coincident fixity due to a 
maximum intensity of polarity. 

Where the body has sensible viscosity 
and considerable resilience, it would be 
expected that, if broken suddenly, as by a 
quick jerk, its fracture would be complete 
before the particles, retarded by inertia and 
by molecular friction, could have time to 
shift their positions, while, when slowly 
broken, a considerable amount of motion 
might occur before rupture could be com- 
pleted. 

In the former case, the appearance of the 
break and the diminution of section would 
be characteristic of tough, and in the 
latter, they would apparently indicate brit- 
tle, material. 

25. Such being, not improbably, a state- 
ment of the general effects of changes of 
temperature upon matter, it remains for the 
engineer to determine, by experiment, how 
fully the most generally useful metal, iron, 
presents an example of these effects, and 
how far they are modified by differences of 
chemical constitution and of physical condi- 
tion. 

The most interesting and instructive ex- 
periments which have yet been made are 
those of Fairbairn, Kirkaldy, Professor 
Johnson; of a committee of the Franklin 
Institute; of a committee appointed by the 
King of Sweden; of Brockbank, Joule, 
Sandberg, and Spence. 

26. Tredgold, the celebrated engineer, 
whose intelligence and experience have 
given his published opinions very great 
weight, believed that any increase of tempe- 
rature would diminish the tenacity of 
metals. 

Dr. John Percy, on the contrary, with 
probably the majority of engineers, believes 
the opposite to be the effect, basing the 
belief upon the well-known fact that acci- 
dents more frequently occur from fracture 
in cold than in warm weather. So com- 





mon is this belief, that the statement re- 
cently made, that the real effect of decrease 
of temperature, other things being equal, 
may be to increase tenacity, has been re- 
ceived with very general distrust. 

27. The magnitude of a change of 
tenacity arising from simple approximation 
of molecules, and consequent increase of 
cohesion, could not be expected to be very 
great, since this change of distance between 
adjacent particles is but about seven one- 
millionths of its ordinary value for a range 
of one degree. Were the tenacity to vary 
as the square of the distance, the conse- 
quent variation would be but one anda 
half per cent., and would be but two per 
cent. were it to vary, within this range, as 
the cube of the intermolecular distances 
for a range of one thousand degrees. 

28. In comparing the conclusions deduced 
by the several experimenters, of whose la- 
bors the following is an abstract, some evi- 
dent misconceptions will be noted, which 
plainly arise from the very common error 
of attempting to estimate the strength of 
materials from experiments in which they 
are tested by shock, forgetting that a mate- 
rial may be immensely strong and yet, if 
brittle, non-resilient, may be readily broken 
by a blow which would leave uninjured a 
less tenacious but more ductile specimen. 

It has evidently been quite unsuspected 
by the majority of experimenters and of 
writers on this subject, that change of tem- 
perature may, while producing an alteration 
of the cohesion of metals, effect a directly 
opposite change in its ductility, and that, 
consequently, the substance may exhibit 
greater tenacity, and may, therefore, better 
resist a steady strain, while at the same 
time its ductility may be so greatly de- 
creased by the same cause as to greatly les- 
sen its resilience, and thus, though strong- 
er, it may be less capable of resisting 
shocks. 

29. A committee of the Franklin Insti- 
tute, of the State of Pennsylvania, consist- 
ing of Professor W. R. Johnson, Benjamin 
Reeves, and Professor A. D. Bache, were 
engaged, during a period extending from 
April, 1832, to January, 1837, in experi- 
ments upon the tenacity of iron and of cop- 
per under the varying conditions of ordinary 
use. 

The effect of change of temperature upon 
those metals was investigated with equal 
intelligence and thoroughness, and most 
valuable results were obtained. 
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30. Upward of one hundred experiments 
upon copper, at temperatures ranging from 
the freezing point up to 1000 deg. Fahrenheit, 
exhibited plainly the fact that a gradual 
diminution of strength occurs with increase 
of temperature, and vice versa, and that the 
change is as uniform as the unavoidable 
irregularities in the structure of the metal 
would aliow. 

The law of this variation of tenacity, 
within the limits between which the exper- 
iments were made was found to be closely 
represented by the formula, 

D? = CT’ 
i. e., the squares of the diminutions of te- 
nacity vary as the cubes of the observed 
temperatures measured from the freezing 
point. 

31. The committee, in the course of their 
exceedingly judicious and complete series 
of deductions, say :* 

“The temperature of no tenacity is gen- 
erally supposed to be that at which the fus- 
ing point of the given substance is placed, 
and the point of maximum tenacity ought, 
upon general principles to be found at the 
point at which least heat prevails, that is, 
at the natural zero or point of absolute cold, 
if such a point exists in nature. 

“Between these two extremes, it might 
be supposed that the tenacities of different 
substances, particularly such as are capable 
of passing immediately from the solid to the 
liquid state, would be found to obey certain 
laws. 

* As the total cohesion, at the maximum, 
would present to a mechanical agent tend- 
ing to overcome it the whole of its resist- 
ance, and as, at more elevated temperatures, 
a part of that tenacity would be overcome 
by heat, and the rest would be destroyed by 
the mechanical force, it is evidently a ques- 
tion of experiment to decide what relation 
the two forces have to each other, at the 
temperatures between the two extremes to 
which we have just alluded. 

“To decide the theoretical question, or, 
in other words, to deduce from the experi- 
ments a law which might be expressed in 
an abstract form, corresponding to all the 
possible phenomena, would require a state 
of the materials different from that usually 
found in commerce or employed in the arts. 

“It would also, as we have seen, require 
a knowledge of that about which philoso- 
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phers, no less than practical men, are far 
from being agreed, namely, the point of ab- 
solute cold.” 

32. The Committee do not fail to observe 
that there are indications that the curve, 
of which their formula is an approximate 
equation, has, very probably, a point of 
contrary flexure at a temperature ‘somewhat 
below the highest at which they were able 
to experiment, or, near the point at which 
one-half the tenacity of the material is de- 
stroyed. 

This inflection of the curve, which indi- 
cates that no parabolic formula can be 
made to represent, accurately, the change 
of tenacity with varying temperature, is 
very clearly exhibited in the curve laid 
down from the experiments on the strength 
of wrought iron, which were next made by 
the Committee. 

33. These experiments were 73 in num- 
ber, at temperatures between 212 deg. and 
1317 deg. Fahr., and comparisons were 
made with the strength of the same bars, at 
ordinary temperatures, as determined by 
163 experiments. 

The bars were generally broken at sec- 
tions reduced by the file, and the results 
give but little indication of the effect of 
change of temperature upon the resilience 
and extensibility of the metal; but they 
afford most interesting, accurate, and valu- 
able measures of the effect of heat upon te- 
nacity. 

34. It was this investigation which first 
disclosed the remarkable anomaly of the 
existence of a point in the scale of tempera- 
tures, usually, if not invariably, considera- 
bly above that of ordinary temperature, at 
which the metal exhibits a maximum of te- 
nacity. 

35. By heating a number of bars to 572 
deg. F., which was found to be very nearly 
the average temperature of maximum 
strength, and breaking them at that tem- 
perature, it was found that a mean of ex- 
periments on the best qualities of rolled 
iron, gave this maximum as 15.17 per cent. 
higher than the tenacity of the same sam- 
ples at ordinary temperatures.* 

The irregularity of structure of specimens 
tested was found to cause an irregular 
variation of strength amounting to 10 per 
cent. 

36. Taking 80 deg. Fahr. as a standard 
temperature, the committee discovered that 
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the fifth power of the diminution of tenaci- 
ty from the maximum, determined as just 
stated, varied as the thirteenth power of the 
temperature above 80 deg. Fahr.,* or, 

D* =C (T—809)'', 
where D = diminution of tenacity, T=tem- 
perature, C = a constent. 

At the temperature of about 400 deg. and 
1200 deg., points of departure from the 
curve took place as already stated, the de- 
viation from the law expressed by the for- 
mula becoming quite marked. 

37. The committee made a series of ex- 
periments upon the effect of annealing in 
altering the tenacity of the metal. 

They found no measurable change in spe- 
cific gravity, except with specimens which 
had been hammer-hardened. ‘The tenacity 
was diminished to an extent which follows 
very closely the order of temperature at 
which annealing was performed, and this 
loss varied from 2} per cent., when anneal- 
ing was performed at low temperature, to 
46 per cent., when the metal was annealed 
from a bright welding heat. 

The results seem quite variable, but, at 
about 1100 deg. the losses had a mean 
value of about 15 per cent., while, at a weld- 
ing heat, they averaged nearly 25 per 
cent. 

in testing old boiler plate, a loss was sup- 
posed to have been proven, wh.ch was at- 
tributed to this cause, and which amounted 
to about 6 per cent. 

Unfortunately, the experiments of the 
committee do nut afford the data requisite 
for determining the resilience of these speci- 
mens, and we are unable to learn whether 
the observed depreciation of strength was 
accompanied, as we should expect, by an 
increase of ductility. 

i8. No experiments were made at tem- 
peratures less than 32 deg., and it remained 
tor further research to determine the be- 
havior of iron at exceptionally low temper- 
atures. 

The work of the committee was most 
skilfully performed, and most conscien- 
tiously recorded and reported. Together 
with the equally exhaustive and thorough 
work of the full committee on steam boiler 
explosions, of which this was a part, it affords 
most valuable and reliable additions to our 
experimental knowledge. 

These were the first experiments ever 
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made on an extended scale, and the deter- 
mination of the area of fractured section, 
the measurement of elasticity, of latent heat, 
specific heat, the conducting power, and 
other properties of iron and copper, were 
made with much greater care than could 
have been expected at that early period. 
The committee was engaged in the work 
nearly five years, and the expenses incurred 
were defrayed by the United States Treas- 
ury Department. 

39. A somewhat similar series of experi- 
ments was made by Sir Wm. Fairbairn 
upon rolled iron*, and the same behavior 
was noted, under varying temperatures, as 
was so well shown by the earlier researches 
of the committee of the Franklin Institute. 

The tenacity of Staffordshire boiler plate 
was examined at temperatures varying from 
0 deg. Fahr., to a dull red heat—probably 
1,000 deg. Fahr. 

‘Bhis iron is not of high quality, and 
some marked deviations were observed 
from the general direction of alteration of 
strength. 

The tenacity of the specimens gradually 
increased, as the temperatures rose from 
60 deg. to 395 deg. Fahr., and thence di- 
minished, until, at a red heat, the strength 
became reduced to the extent of 25 per 
cent. 

The tenacity recorded at 0 deg. Fahr. 
was, however, 6 per cent. greater than the 
mean noted at any other observed higher 
temperatures, but not greater than that of 
individual specimens. 

40. Other experiments were made upon 
rivet iron, which was necessarily of better 
quality than the Staffordshire plate. 

The tabular statement of the results shows 
a gradual and quite regular increase of te- 
nacity from 60 deg. to 325 deg. Fahr., the 
strength being given at 62,816 and 84,046 
lbs. per sq. in. at those points respectively 
—a difference of 30 per cent. The tenacity 
then diminished as temperature rose, be- 
coming reduced to 35,000 lbs. per sq. in. at 
a red heat. 

The strength at 30 deg. Fahr., was slight- 
ly greater than at ordinary temperatures, 
the figure given being 63,239 lbs. per 
sq. in. 

41. Experiments made by Fairbairn on 
the effect of temperature upon cast iron 
give less uniform, but still instructive re- 
sults.t 


* British Association Report, 1856. 
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With No. 3 iron very unsatisfactory and 
contradictory results were obtained, in con- 
sequence of the irregular character of its 
structure and chemical constitutions. 

Coed-Talon iron No. 2 exhibited contin- 
ual decrease of transverse strength as the 
temperatures increased. Both cold and hot 
blast irons were experimented upon, at tem- 
peratures ranging from 26 deg. to 190 deg. 
Fahr., with the following results : 

Cold blast, at 26 deg. and at 190 deg. 
decreased in strength in the proportion ‘of 
874 to 743. Hot blast, at 21 deg. and 190 
deg., decreased in strength in the ratio of 
811 to 731. 

It should be remarked that these experi- 
ments were made in the early days of hot 
blast, when the differences in the character 
of hot and of cold blast iron were more 
marked than at a later date, when the man- 
agement of the former had become more 
generally and more perfectly understood. 

42. Mr. Fairbairn remarks :* ‘On the 
whole, we may infer that cast iron, of 
average quality, loses strength, when 
heated beyond a mean temperature of 120 
deg., and that it becomes insecure at the 
freezing point, or under 32 deg. Fahr.” 

He supposed that the fact that, in some 
experiments, he found No. 3 iron to increase 
in strength with rising temperature, is due 
to its great “irregularity and rigidity.” 

He also remarkst that “ The infusion of 
heat into a metallic substance may render 
it more ductile and probably less rigid in 
it nature, and I apprehend it will be found 
weaker and less secure under the effects of 
a heavy strain.” 

43. The experiments of Roebling referred 
to in his report to the officers of the Niagara 
Falls Suspension Bridge Co., in 1860, do 
not throw much light upon the question 
under consideration. 

Mr. Roebling’s remark that metal, of as 
good quality as that upon which he ex- 
perimented, would be “safe at the North 
pole,”{ may justify the inference that he 
supposed that such iron would, at least, not 
lose tenacity when very cold. 

44. David Kirkaldy, of Glasgow, in 
December, 1860, while conducting one of 
the most extended, accurate and well ar- 
ranged experimental inquiries into the 
value of the tenacity of iron and steel that 


has been made,* took occasion to examine 
the action of frost upon them. 

“A bar of Glasgow B, best, ? in. diame- 
ter, was converted into ten bolts, in the 
ordinary way. Six were exposed all night 
to intense frost, and tested in the morning 
with the thermometer at 23 deg. Fahr. 
The others were kept in a warm place, and 
carefully protected during testing. Three 
were tested with gradual, and seven with 
sudden strains.” ‘When the strain was 
gradually applied, there was very little 
difference between the specimens tested in 
the ordinary condition and the two that 
were frozen; the former bore 55,717; the 
latter, 54,385, or 2.1 per cent. less. The 
difference under sudden strains is some- 
what greater, viz., 3.6 per cent. less when 
frozen.” This iron was of good quality, 
and Kirkaldy remarks that “had it been of 
a coarser description, the difference, when 
frozen, might have been much greater.” 
He concludedt that “the breaking strain is 
reduced when the iron is frozen; with the 
strain gradually applied, the difference be- 
tween a frozen and an unfrozen bolt is 
lessened as the iron is warmed by the 
drawing out of the specimen.” 

Kirkaldy noticed that “The amount of 
heat developed is considerable when the 
specimen is suddenly stretched”—an im- 
portant circumstance which had previously 
escaped the observation of experimenters. 

45. The subject was debated at some 
length at wneetings of the Manchester Lit- 
erary and Scientific Society, some two 
years ago, and experiments were described, 
which affurded data of value and interest. 

Mr. William Brockbank described his ex- 
periments, made for the purpose of deter- 
mining the effect of cold upon the cohesion 
of cast iron. Using a mixture of several 
irons of quite different qualities (Cleator 
red hematite, Pontypool and Blaenavon cold 
blast and Glengarnock hot blast irons, with 
scrap added), he found a perceptible de- 
crease of strength with decrease of temper- 
ature. He noted a similar effect where 
wrought iron was used. The experience of 
well-known ironmasters was adduced in 
corroboration of these conclusions, the ex- 
amples being, usually, instances of break- 
age by shock. The conclusion of the ex- 
perimenter{ was that “bar iron, boiler 
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plate, wire billets and rails are most ma- | number, in which the breakage was pro- 
terially weakened by the action of intense duced by shock, gave the opposite result. 
cold, losing their toughness, becoming quite | These experiments were made upon large 
brittle under sudden impact, and having! steel needles, and upon cast nails. They 
their structure changed from fibrous to! have been sometimes ridiculed as too insig- 
crystalline.” nificant to afford valuable evidence, but, in- 
46. Sir William Fairbairn stated the re- | significant as they may appear, and roughly 
sults of his experiments, substantially as | made as they undoubtedly were, they are 
has been already given, attributing the | valuable as giving corroborative evidence of 
more frequent breakage of wheel tyres in| the fact which has already been quite well 
cold weather, to which allusion had been| proven, that decreasing temperatures, in 
made, to unequal strains due to shrinkage, | general, produce increased strength, but 
rather than to loss of tenacity. decreased elongation and resilience. 
‘ 47. Dr. Joule gave an account of hisown| He concludes that “frost does not make 
experiments, upon a smaller scale, made at| either iron (cast or wrought) or steel brittle, 
temperatures of 12 deg. and 55 deg. Fahr., | and accidents arise from the neglect of the 
with weights applied without shock. The | companies to submit wheels, axles, and 
result indicated an increase of strength at|all other parts of their rolling stock to a 
the lower temperatures, in the proportion | practical and sufficient test before using 
of 581 to 59 5-6, or 24 per cent., as a mean | them. 


of 12 experiments. Experiments, 41 in (To be continued.) 





EXPERIMENTS ON THE ACTION OF DYNAMITE. 
From “ Iron.” 


| The bursting-charge of fine sporting- 
‘powder is about 16 grms. With No. 2 


1. The experiments undertaken at the | 


central depot of the French Saltpetre and 


Powder Works, in order to estimate the 
relative force of different explosive bodies, 
lead to results capable of throwing light 
upon some obscure points in the effects 
produced by the explosion of dynamite. 
When dynamite is ignited by violent con- 
cussion, such as that occasioned by the 
detonation of a strong primer, it explodes, 
even in the open air, and if confined, pro- 
duces so great an effect that one part of 
nitro-glycerine does the duty of ten parts of 
gunpowder. If inflamed in any other man- 
ner without percussion it burns quietly in 


the open air, and if confined, may give rise | 


to an explosion. This explosion, however, 
whatever may be the temperature and the 
pressure to which the charge is submitted, 
is of a quite different character from the one 
above-mentioned. Instead of detonation, 
or explosion of the second degree, the etfect 
being such that one part of nitro-glycerine 
corresponds to two of powder. 

These results have been obtained by find- 
ing the bursting-charges necessary to frac- 
ture cast-iron bombs of the same resisting 
power. These bombs are closed with screw- 
stoppers, through which plays an isolated 
wire, so that a small Abel’s capsule can be 
let off in the interior. 


dynamite of Vouges, containing 50 per cent. 
of nitro-glycerine, detonated with a Gevelot 
primer (containing 0.25 grms. of fulminate), 
the bursting-charge is about 3.50 grms. In 
| place of the primer, 1 grm. of powder was 
used. In this case the bomb was succes- 
sively charged with 4, 6, 10, and 15 grms. 
of dynamite, and only burst with 16. The 
dynamite, therefore, produced in this case 
the sume effect as powder, and as it con- 
tains 50 per cent. of nitro-glycerine, one 
part of the latter is equal to two of 
powder. 

In another series of experiments, in place 
, of augmenting the charge of dynamite, the 
constant weight of 4 grms. was placed in 
the bombs (which with a detonator would 
be sufficient to burst them), and the ac- 
companying charge of powder was succes- 
sively increased. Along with the 4 grms. 
of dynamite, 5, 8, and 10 grms. of powder 
were successively used, and the bomb did 
not burst until 12 grms. were employed. 
Thus dynamite at 50 per cent. again proved 
itself equal to its weight of powder. It was 
found in every case that the dynamite 
placed in the bomb was entirely consumed. 
The question arises what would be the effects 
of ¢ dynamite richer in nitro-glycerine ? 
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The following experiment is decisive :—A 
dynamite at 90 per cent. of nitro-glycerine, 
fired with a primer, burst the bomb with a 
charge of 1.80 grm. But a charge of 3 
grms. of the same kind of dynamite with 3 
grms. of powder took no effect. 

The trial-bombs being able to bear a 
pressure of at least 100 atmospheres, and 
the temperature of the flame of powder be- 
ing at least 3,000 deg., it may be affirmed, 
within the limits of practice, that :— 

1. Dynamite accidentally ignited and be- 
ing, ¢ y., in the midst of a conflagration, will 
not detonate. 

2. It may produce an explosion of the 
second degree analogous to that of powder. 

3. The maximum intensity of such ex- 
plosion, producible when the enclosing 
space offers a great resistance, is such that 
1 part of nitro-glycerine is equal to 2 parts 
of powder. 

II. The following experiment shows that 
dynamite can be caused to detonate solely 
by means of percussivn of sufficient in- 
tensity. The authors used for this purpose 


a dynamite at 50 per cent., prepared with 
finely-divided silica, so as to yield a matter 


of low specific gravity. The charge being 
ignited with a primer,the bomb was burst with 
4 grms., but only when the charge was wrap- 
ped up in paper placed around the primer. 
If the dynamite is placed loose in the bomb, 
even though the primer is placed in the 
middle of the matter, the charge may be 
raised as high as 12 grms. and beyond 
without rupturing the shell. It is clear 
that in the first case we obtain detonation, 
or explosion of the first degree, but in the 
second merely explosion of the second 
degree. The primer, therefore, along with 
the dynamite, can produce both phenomena 
according to circumstances. In the first 
experiment the dynamite, being kept in its 
place by the paper, undergoes the full ac- 
tion of the shock. In the second it is 
scattered by the shock, and is only ignited 
by the burning gases. This experiment 
succeeds only with pulverulent dynamites of 
a low specific gravity. With the ordinary 
dynamites, of a dense and plastic nature, 
the bursting ensues with the same charge, 
no matter how it be placed, provided that 
it surrounds the primer. The following 
fact, well known to miners who use dyna- 
mite, fully proves that the intensity of 
percussion is the determining cause of the 
explosion. When the primers are insuffi- 
cient, and often miss fire, this evil may be 





remedied by strengthening them, 7. e., 
doubling the metal which forms the tubes. 
The authors have verified this fact with 
different explosive matters, one and the 
same primer producing, or failing to pro- 
duce, the detonation of the dynamite accord- 
ing as it was encased in a tube more or less 
resistant. 

III. The fact of two orders of explosion 
so different in intensity being produced by 
dynamite, enables us to understand how 
matters of this nature, containing one and 
the same amount of nitro-glycerine, may 
have widely differing bursting powers. The 
authors have found, for instance, in dyna- 
mites of 30 per cent., the explosive power 
varying in the ratio of 1 to 2, according 
to the absorbent matter employed. A 
dynamite is stronger the more easily it is 
ignited by the shock. When the ignition 
is easy, the etfect of the percussion produced 
by the primer is immediately transmitted 
throughout the entire mass. This is the 
case with dynamites prepared with quartz 
sand. On thecontrary, when the substance 
is not easily ignited, the action is propa- 
gated incompletely ; a part only of the mass 
detonates, the remainder exploding in the 
second degree only. This effect is obtained 
with dynamites prepared with plastic ma- 
terials like ochre. ‘These facts are plainly 
shown by the following experiment, in 
which the double effect is manifested with 
one and the same charge of dynamite. 
Operating on the dynamite at 50 per cent., 
4 grms. of which were sufficient, with de- 
tonation, to burst the bomb, the authors 
placed 2 grms. in a piece of paper sur- 
rounding the primer, the residue of the 
charge being spread loose inthe bomb. In 
this case 4 grms. (2-4-2) and even 6 grms. 
(2+-4) are insufficient. The charge must 
amount to 8 grms. (2+6) to burst the 
shell. The 2 grms. folded up around the 
primer acted by detonation; the 6 grms. 
lying loose by explosion of the second 
degree, and these two combined actions 
effected the rupture. Thus the detonation 
of one portion of dynamite does not neces- 
sarily induce the detonation of an adjoining 
mass, though such mass may be ignited 
and produce an explosion of the second 
degree. The propagation of the action is 
the more difficult in proportion as the dyna- 
mites are harder to ignite. The autuors 
conclude that dynamite can, according to 
circumstances, produce explosions of totally 
different order. Percussion alone, so fur, 
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appears to them capable of producing ex- 
plosion of the first degree, or detonation. 
The pressure and temperature to which the 
matter is submitted do not modify the con- 
ditions of the phenomenon. 

This paper calls for a few remarks. 
That the nitriles, whether nitro-glycerine, 
nitrocellulose, commonly called gun-cotton, 
or nitromannite, are, under different cir- 
cumstances, capable of exploding with very 
different degrees of intensity is an incon- 
trovertible fact. That they may be brought 
to explode with their maximum force, or to 
detonate, by the use of a fulminating 
primer, is also certain. But the maximum 
and minimum force, called by Messrs. 
Roux and Sarrar explosions of the first 
and second degree, seem rather to be the 
extremes of a possible series of effects than 
two unconnected phenomena. If nitro- 
glycerine is capable of performing under 
certain circumstances twice, and under 
others ten times, the duty of powder, it is 
very probable that under other sets of con- 
ditions it must explode with immediate 
degrees of force. Farther, whilst the au- 
thors have shown—what was well known 
before—that the nitriles can be made to 
detonate by means of a primer, they have 
not failed to prove that they cannot detonate 
under other circumstances. Facts show 
quite the contrary. In Llanbenis case, 
where two kegs of nitro-glycerine exploded 
“spontaneously” in the carts conveying 
them to the slate-quarries, there was no 
primer concerned. Yet the fury of the ex- 
plosion proved that 1t must have been one 
of the “first degree.” In the Glasgow 
Water Works case, when some men, tak- 
ing shelter in a hut, kicked an emptied 
nitro-glycerine can, with deadly result, 
there was no primer. Yet the havoc 


_— by a mere film of nitro-glycerine 
jadhering to .the inside of the can quite 
forbids us to think of anything less than 
detonation. Precisely similar is the case 
with gun-cotton. It was declared incapa- 
ble of detonating—indeed, of exploding at 
all—without a primer. Yet in the Stow- 
| market case, the gun-cotton in the packing- 
‘house evidently exploded with its maximum 
|intensity, the result being in respect to the 
| quantity far greater than of the first explo- 
‘sion in the magazine. Had the whole of the 
material stored there detonated, it is probable 
much of the town would have been levelled. 

Messrs. Roux and Sarrar show that a 
heat of 3,000 dog. did not cause nitro-glyce- 
‘rine to detonate. But the heat they thus 
‘applied was but momentary. Now, the re- 
spective effects of momentary and pro- 
longed heat upon the nitriles differ remark- 
ably. The author has known pure gun- 
cotton (trinitic cellulose), shut up for some 
hours in a ‘“ water-oven,”’ where the tem- 
perature never exceeded 260 deg. F., 
to ignite with a feeble explosion. A por- 
tion of the same sample placed in an open 
tube, and rapidly heated, did not explode 
before 350 deg. F., and a third portion 
dropped into a tube at that temperature 
required a farther rise of 10 deg. I’. be- 
fore it exploded. Certain experiments 
point to the conclusion that gun-cotton, and 
doubtless the other nitriles, if gradually 
heated to near its ignition-point, may de- 
tonate on coming in contact with a spark 
or receiving a sliock. We must remember 
that even nitrate of soda—a substance 
which, when thrown into a furnace, merely 
causes deflagration--oceasioned in the 
| Gateshead and the New York cases phe- 
nomena which cannot be called anything 
other than explosions. 








ANCIENT CONSTRUCTION. 


From ‘The Engineer.” 


Mass was the predominant feature of 
ancient constructions, and clay, earth, bricks, 
and stones, the principal materials. The 
introduction of the arch or vault was one of 
the earliest substitutions of the hollow for 
the solid. If a solid massive square pillar 
have the middle portion cut out and an 
arch turned over the top, there is so much 
of the original mass removed, and a new 
style of construction, so to call it, intro- 


‘duced. It has been generally admitted 
that the invention of the arch is due to the 
Romans, yet there can be very little doubt 
but that the Assyrians were thoroughly 
acquainted with it, although clay in some 
shape or another constituted almost their 


sole constructive material. This formed 
the nucleus of the enormous artificial 
mounds which that people were fond of rais- 
ing on which to erect their palaces, citadels, 
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and other commanding buildings. Instead 
of excavating foundations upon which to 
build, an artificial foundation was raised 
and the superstructure placed thereon. 
Modern works are now conducted on a 
scale so gigantic that we are pretty well ac- 
customed to immense shifts of earth; but 
mechanical appliances are at our command 
which were unknown to our predecessors, 
who used neither wagons nor barrows, 
but hand labor only in its simplest form. 
In the erection of the artificial mounds to 
which we have alluded, the Assyrians were 
not in the habit of using the clay at 
random, but mixed and prepared it with 
great care, so that it showed a uniform 
section everywhere when cut. It was com- 
pletely free from all stones and foreign 
bodies, and closely resembled in its con- 
sistency the best modern puddle. This 
material is now in numerous instances 
giving way to concrete, which promises 
fair to be to us what the clay and bricks 
were to the ancients. In works of a char- 
acter similar to the Thames Embankment 
the quantity of concrete used in foundations 
and backing is something enormous. 
Explorations at Nineveh have shown 
that except for paving purposes stone rarely 
entered into the construction of the walls 
and buildings. They consisted of clay 
only, which had evidently been moulded 
in the shape of bricks, and put together 
without the aid of mortar or cement of any 
kind. In the few examples in which stone 
was found to be employed the joints were 
made in the same manner, that is, by sim- 
ple juxtaposition. Mortar and cement ap- 
pear to have been rarely or never em- 
ployed. The size of the stones was con- 
siderable, so that mere weight would, to 
some extent, render superfluous the employ- 
ment of any adhesive substance at the 
joints. But this was not the case with the 
bricks, which were nearly of a square form, 
1 ft. 4 in. on the sides by 2 in. in thickness. 
The question which remains unsettled is, 
in what degree of consistency were these 
bricks at the time they were put together ? 
Were they sufficiently plastic to adhere 
together, or were they wetted before being 
used, so as to soften the surfaces merely 
which were in contact? Upon this sup- 
position there would be an apprecia- 
ble difference between the appearance 
of the body of the bricks and that 
of the joints, which does not exist. 
There is, nevertheless a slight differ- 


ence in color at these points, which looks 
like lines. The Assyrians had two varie- 
ties of baked bricks ; the one was regular- 
| ly shaped with parallel faces, and the other 
of a trapezoidal form. These latter were 
intended for arches or vaults, and the incli- 
nation of the sides varied with the position 
| which the particular brick was intended to 
occupy in the curve. The dimensions and 
proportions of the Assyrian bricks differ 
from those of modern manufacture. Those 
employed in paving were of two sizes. One 
class was 1 ft. 4 in. by 1 ft. 4 in., by 23 in. 
| in thickness, and the other 13 in. by 13 in. 
iby 44 in. thick. A peculiar feature in 
these old bricks is that they are with few 
exceptions covered with inscriptions in the 
| cuneiform character. Two remarkable fea- 
| tures in the construction of ancient cities 
were, first, that either the diagonals or the 
direction of the sides pointed exactly towards 
the cardinal points, and, secondly, the enor- 
mous thickness of the walls of the principal 
buildings. It is probable that astronomi- 
cal reasons dictated the former of these, and 
climatic exigencies the latter. In the case 
of Nineveh there can be little doubt of this, 
as the Assyrians were celebrated for their 
skill in astronomy, and their partiality for 
the science. The thickness of the internal 
walls is scarcely ever less than 10 ft., and 
that of some of the external varies from 16 
ft. to 25 ft. Some consideration must be 
given to the fact with regard to the thick- 
ness of the walls, that the mode of building 
them with bricks merely dried in the sun 
required this dimension to be disproportion- 
ately great. 

In the building of their domes and vaults 
the Assyrians employed a more brittle de- 
scription of brick than in their walls and 
pavements, and the joints were made by 
grouting them with semi-fluid clay. The 
voussoir shape of these bricks proves that 
the theory of the arch must have been 
known at that time, and some considerable 
progress made in the preparation of artifi- 
cial stones. There is no evidence of timber 
being employed as a material of construc- 
tion by the people under notice. It was 
used only in small quantities, and for the 
purposes of ornament. It seems that iron 
was altogether unknown as a constructive 
material. Copper was turned to account 
for the pivots or hinges of doors, and lead 
was also rendered serviceable. Enamelled 
bricks were common, and stucco was large- 
ly employed, as with us, for the double pur- 
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pose of protecting the brickwork from the 
effects of the air, and hiding the roughness 
of the surface. There is one ceremony 
which appears to have existed at the time 
of the Assyrians, which is common to mod- 
ern times as well. It is that of laying the 
first or foundation stone of a building. A 
recent French explorer, M. P. Place, dis- 
covered in a layer of fine sand underneath 
one of the monoliths of the gates of Nine- 
veh, a variety of different objects in marble, 
agate and cornelian, which were cut and 
engraved, and were, moreover, all pierced 
with a hole, as if they had originally formed 
part of a bracelet or necklace deposited at 
the laying of the stone as coins are deposit- 
ed with us. While well versed in the 
practice of earth work, brick work, and 
even masonry, the Assyrians were totally 
ignorant of the art of construction con- 
sidered in the light of an assemblage of 
pieces of timber or iron. They could heap 


up materials so as to cause the structure so 
composed to resist any outward force by its 
sheer weight or inertia, but they knew 
nothing whatever of the distribution of 
pressures, or how to proportion a structure 
so that it should be equally strong in all 
parts. 


Both the labor and the material 
were too abundant to call for economy in 
either one or the other. 





REPORTS OF ENGINEERS’ SOCIETIES. 


MERICAN Society OF CiviIL ENGINEERS.—A 
regular meeting of this Society was held at 
the rooms in New York, March 19th, 1873. 

Joseph Whitney, C. E., of Cambridge, Mass., 
presented the subject of “ Leakages in Water 
Pipes,” illustrated by specimens of defective water 
pipes trom the Cambridge Water Works. 

He desired to make a simple statement of his 
own operations and experiments. The great and 
growing iacrease in the consumption of water is 
a matter of the first importance in the manage- 
ment of water-works. Scarcely a report relating 
to water-woks is issued which does not refer to 
it—and as sonething quite unaccountable; still no 
systematic effirt is made to ascertain its cause. 

Some years since his attention was called to the 
subject in Cambridge, where, for three years pre- 
ceding, the water pressure had been growing less, 
thus causing mach inconvenience and insecurity 
in case of fire. This was ascribed to the great 
number of users from one main, an eight-inch 
pipe. Jn a particular house the water scarcely 
rose to the second story—at night or day. After 
inquiry, @ series of observations were made, with 
siphoa pipe and pressure gauge, to determine the 
cause. These were made in the morning, when 
the onsumption was nearly nothing, and in one 
case, by shutting off certain sections from the 





main, say a four or six-inch pipe, a large leak was 
revealed where the pipe, laid in a street filled with 
oyster shells, had parted. In another case; when 
the gate was closed, the water in the siphon at 
once rose 16 ft.—equal to about two stories of an 
ordinary house—the pipe, about 600 ft. long and 
laid upon a manche, was examined and the leak 
found in a joint, where the two parts had been 
entirely separated by a settlement of one section. 
These and other leaks, detected similarly, were 
closed, and thus, without any increase of size in 
the main, an additional head was secured of 35 
ft., which gave a full supply to each house in that 
locality. 

Observations were afterwards made upon the 
water in the reservoir in the night time, which 
showed still a leakage. By continued experiments 
upon the pipes throughout the city, nearly two 
hundred leaks, of from 1,000 to 2,000 gallons each 
per hour, were found. The necessary repairs were 
made, and thereby the average daily consumption 
per head was reduced from 85 to 35 gallons, which 
is not more than one-half that in most cities. 

Leakage of this character may exist a long time 
without being known. Thus it may start when 
the water is first let on, and the water find a pas- 
sage through some blind channel into the sewer ; 
it will not be seen at the surface unless this up- 
ward and outward is the easiest course. 

It is quite probable that this subject concerns 
other cities than Cambridge, and furnishes a satis- 
factory reason for the great increase in the con- 
sumption of water, and the corresponding growing 
demand for supply, which more or less embarrass- 
es public authorities. 

It is said that in the city of New York the 
consumption is about 100,000,000 gallons per 
diem ; if so, he was sure at least 50,000,000 were 
wasted through unrecognized leaks into the sew- 
ers, and surrounding rivers. In Boston more than 
17,000,000 gallons are supplied, where 8,000,000 
should suffice. 

It is a fair presumption that one-half these 
great amounts—being but waste—and its corre- 
sponding cost in the construction and operation of 
water works, may be saved; surely, examination, 
complete and exhaustive, should be made to de- 
termine whether this is presumption or fact. 

Thomas F. Rowland, M. E., of Greenpoint, N. 
Y., presented a paper on the “ Adaptation of Me- 
chanical Power to the Work of Charging and Dis- 
charging Gas Retorts”—illustrated by a large 
working model of machinery for the purpose; by 
which it is proposed to take the coal from a pocket 
outside of the retort house, size, mix, transport and 
deposit it in proper quantities in the retorts, and af- 
terwards discharge therefrom the resulting coke 
into the coke barrows. 

The apparatus consists—first of an iron car, 
which traverses the retort house in front of a bench 
upon a railroad of 12 ft. gauge, and carries the 
mechanism for charging and discharging; and 
second, a series of buckets, which, suspended from 
an overhead or “pendent railway,” conveys coal 
to the charging apparatus. ’ 

The iron car—about 14 ft. sq.—is propelled 
by an engine and boiler placed upon it, which also 
drive the machinery carried. Midway on the car 
the meter is located which receives the coal from 
the buckets and deposits it in the charger. 

The meter is a horizontal cylinder divided lon- 
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gitudinally into three compartments or cavities— 
such that each will contain enough coal for one 
retort. It revolves intermittently at the base of a 
hopper or “coal pocket,” which receives the coal 
from the buckets—each cavity therein being in 
turn filled with coal and emptied by discharge 
into shutes, severally in communication with the 
three scoops of the charger. These shutes are 
placed one above the other, and as the meter re- 
volves, are automatically opened and* closed, so 
that the coal is discharged into each in succession. 
The edges of the meter cavities and of the throat 
of the “coal pocket” are armed with hard, sharp 
steel blades, to cut or crush fragments of coal 
which, lodging between the surfaces, otherwise 
might clog the machine. 

The “charger” is a carriage traversing the top 
of the car transversely ; its three scoops are placed 
one above the other at distances corresponding to 
the vertical measure between the retorts—they are 
D shaped, like the retorts, and have movable bot- 
toms. When the scoops are filled by a transverse 
movement of the carriage, they are thrust forward 
into the retorts; the motion being reversed, the 
bottoms and then the scoops are withdrawn; there- 
by the coal is deposited evenly over the retort, and 
the scoops made ready for another charge. 

The “discharger” is a carriage similar to the 
“charger.” The two are placed at opposite ends 
of the car, and the meter between them. By an 
automatic device, three hoes or rakes are simul- 
taneously thrust into three retorts, dropped until 
they rest on the retort bottoms, and then with- 
drawn, whereby the coke is removed and dis- 
charged on to the retort-house floor, or into coke 
barrows. 

One tier of retorts may be charged, and the ad- 
jacent one discharged at the same and in a very 
brief time. 

The “ pendent railway” consists of two single 
parallel rails, 10 ft. apart—suspended from the 
retort-house roof, over the railroad before men- 
tioned, and connected at the ends by semicircular 
rails, thus, together, forming an endless line, from 
which is suspended a series of coal buckets, at- 
tached to a flexible steel belt, by which they are 
separated, at uniform distances apart. The belt 
passes around horizontal drums, 10 ft. in diameter, 
and placed one at each ¢nd of and below the line, 
their vertical shafts being in the centre of the 
curved rails. One of these drums is an idler—the 
other, that at the receiving end, is in a tower out- 
side of the retort house. In its periphery are two 
openings, diametrically opposite, which, by two 
inclined shutes, are connected with a fixed cylin- 
drical hopper, or reservoir, for coal above. ‘The 
buckets are vertical cylinders, with one half of 
the upper part cut away, so that when they are in 
contact with the drums their axial planes coincide 
with the periphery. The space between the 
buckets on the belt is equal to one half the cireum- 
ference of the drums. 

When this apparatus is in motion, the buckets 
pass along the “ pendent” railway—then openings 
are brought successively in contact with the open- 
ings of the drums, so that, the coal conveyed by 
the inclined shutes from the reservoir, drops 
through them—the quantity being regulated by 
valves in the shutes, worked automatically. 

The buckets have hinged bottoms to drop down- 
ward, and are opened when passing over the “ coal 





pocket ” on the car, at the will of the operator, by 
releasing a catch; they are mechanically closed 
just before reaching the drum, where they are 
filled. 

The coal in the yard, after passing between 
sizing and mixing rolls, is lifted to the reservoir 
over the drum, by elevators, similar to those used 
at Messrs. Hecker’s flouring mills in New York. 

The several parts of this apparatus can be 
worked independently, and thereby accommodated 
to the varying demands likely to be made upon it. 





TRON AND STEEL NOTES, 


MPROVEMENTS IN THE “OPEN HEARTH PRO- 
CESS” OF MAKING STEEL.—Mr. B. B. Healey, 
of the Elba Steel Works, Swansea, has recently 
devised some important modifications of the “Open 
Hearth Process” of making steel, for the applica- 
tion of which works and very complete plant have 
been erected, and are now about to get into opera- 
tion on a manufacturing scale. Two papers have 
been read on the subject by Mr. Healey to the In- 
stitution of Engineers in Scotland, and the follow- 
ing is a short summary of the descriptions con- 
tained in them: — 

The furnaces are built in line with their tapping 
pits in the usual way, each furnace being provided 
with an hydraulic lift for the ladle carriage, and 
with a turn-table in front of the ingot moulds. To 
each pair of furnaces there is a two-ton hydraulic 
crane. 

The ingots are cast in groups, the metal being 
conducted by means of feeders or “ gits,” and hol- 
low or pertorated bricks to the bottoms of the 
moulds, by which arrangement the ingots are cast 
solid, and by this mode of casting the weight of 
the “gits” made does not exceed the waste or loss 
in heating ingots for hammering, and even the 
greater portion of them are available for small 
merchant bars. 

Great simplicity is displayed by Mr. Healey in 
the construction of the details of the lifts, turn-ta- 
bles, ladles and crane, all of which are strong and 
effective. The hydraulic appliances are found 
extremely handy, both for regular work and for 
clearing the pits of “sculls” and slags. 

In front of the furnaces there is a line of rails, 


which, with the ladle lifts, connects the line of 
furnaces. This arrangement may almos¢ be re- 
garded as indispensable, inasmuch as it is @ source 


of great economy in itself. When the casting is 
going on, the ladle is above the floor liae, the taps 
of the moulds being about level with the floor, and 
the comparative coolness of the ctsting shops 
which results from this arrangementis very agree- 
able to the workmen. ‘ 
The furnaces are provided wit) an ingenious 
arrangement of continuous regererators, and are 
supplied with gas which is produced in generators 
outside the casting shops, and conveyed to the 
furnaces by means of undergrcund flues, Each 
furnace has a separate chimney and a separate nest 
of gas generators, and is thus found to work in a 
more regular manner than when several jurnaces 
are connected with one chimney. By Mr. Eealey’s 
modification of the Siemens heat regenerative 
system, heat is restored to the furnace by neans 
of regenerative tubes, which are built in a jnir of 
chambers, the surplus heat passing continwusly 
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through the tubes to the chimney, and the com- 
bustible gas and the air passing outside the tubes, 
so that by impinging in succession upon several 
tiers of them they may become heated as they 
approach the furnace. 
he charges used at present at the Elba Steel 

Works are made up of Bessemer pig iron, wrought 
iron scraps, steel scraps, and Elba ore, the total 
loss in conversion being about five per cent. on the 
gross weight of metal charged into the furnace. 
In the steel resulting from the treatment of such 
a mixture there is usually from 0.35 to 0.45 per 
cent. of combined carbon, but other qualities are 
sometimes produced, which are used for tools of 
various kinds. 

Successful experiments have been made by Mr. 
Healey to reduce the iron ore direct to steel, but 
at present this process is not in operation. 


HE English papers are just now commenting 
with a good deal of feeling upon the fact that 

an English firm have ordered 1,000 tons of iron 
from Pennsylvania, and that steel railway axles 
cost £3 a ton less in the United States than in 
England. A correspondent of the “ Ironmonger” 
reports that the chain trade of South Staffordshire 
with this country has almost ceased. “ At this 
period of the year,” he says, “we have usually 
been doing a great business in the lighter goods 
with the United States and Canada, and South 
America. The quotations have, however, lately 
so greatly advanced that nothing is now being 
done. It has not been an unusual circumstagce 
for an order to the extent of 5,000 dozen to re&ch 
one of the merchant firms of Wolverhampton, but 


that firm is now getting scarcely an order, custom- 
ers’ communications intimuating that the chains can 
be got in America at under the quotations of Eng- 


lish makers. The high prices which have been ne- 
cessitated in the past two years by the advances 
iron have greatly stimulated the industry in the 
United States, and team and draw chains and 
haimes are now being produced in immense quan- 
tities in St. Louis. The rise in these goods in this 
country, as compared with the quotations a little 
over two years ago, is from 100 to 130 per cent.” 
Other proofs of our increasing ability to supply 
‘our own wants are mentioned, and the “ Ironmon- 
ger,” editorially, says: “In iron per se the suc- 
cessful competition of the American manufacturers 
is even more conspicuous, and that which has 
often been mentioned as an altogether improbable 
event seems likely to occur. We have informa- 
tion to the effect that one of the firms in the heart 
of South Staffordshire who use large quantities of 
strip iron are at this moment making arrange- 
ments to obtain from the mills of Pennsylvania no 
less a quantity than 1,000 tons of strip to be 
brought across the Atlantic, and to be used within 
sight and sound of the mills and forges whence at 
one time the Americans could alone obtain their 
iron. If this be so, the days of Macaulay’s New 
Zealander upon London Bridge would, in the 
matter of the supreme sovereignty of the British 
iron trade, be nearer at hand than most people are 
disposed to imagine.” On the other hand, the 
English are learning from us to diminish the size 
of some of their unwieldy tools, and they are copy- 
ing our better models. They are making Ameri- 
can axes and putting American handles to them, 
and report that in Australia the English article is 





not only cheaper but of better quality. According 
to their accounts, we are certain to lose the Aus- 
tralian trade in axes—the supply of which is said 
to be at present the most active and profitable 
branch of the edge tool manufacture in Sheffield. 
—kngineering and Mining Journal. 


RAILWAY NOTES. 


VENTRAL ASIATIC RAILWAY.—The latest pro- 

J posal made with the view of facilitating our 
intercourse with Central Asia is that of M. 
de Lesseps, who has just put forward the idea of 
constructing a great Central Asiatic Railway from 
Orenburg to Samarcand, Bokhara, and Peshawur, 
which would complete the line of railway from 
Calais to Calcutta. 

After the splendid success of M. de Lesseps 
with the Suez Canal, English engineers rather 
hesitate to say much against any project put for- 
ward by him, but still little encouragement has 
yet been given—at least in England—to the 
‘Central <Asiatic Railway.” Perhaps political 
considerations alone are sufficient to prevent the 
accomplishment of the scheme; but, apart from 
these, it seems very questionable whether such a 
railway would really answer. According to a pa- 
per read at the last meeting of the Austrian Geo- 
graphical Society by Colonel von Stubendorff, of 
the Russian army, the line would pass through 
Aralsk, the valley of the Sir Darya, Taschkend, 
and the Gates of Tamerlane, as any other route 
would be impracticable. From Samarcand to 
Peshawur the line would necessarily go through 
the Bamyan Pass and Cabul. The Colonel fur- 
ther stated that it was now pretty certain from 
the researches of Colonel Sbernitzky that the old 
bed of the Oxus extends eastward from Krasno- 
vodsk in the direction of Bokhara, and that the 
construction of a line of railway along this dry 
river-bed from the Caspian to Bokhara and Sam- 
arcand would be comparatively easy. Such a 
railway would be in direct communication with 
Europe by means of the line of steamers from 
Krasnovodsk to Baku and the railway from Baku 
to Poti and Odessa. So far as the first portion, 
up to Samarcand, is concerned, there merely re- 
mains the question whether sufficient traffic could 
be obtained to repay the cost of construction, or, 
if not, whether the Russian Government would 
care to keep up the railway for State purposes and 
asa military road. When the Hindoo Koosh is 
reached, as has already been pointed out in an 
article on this subject by “ Iron,” the engineering 
difficulties would be so tremendous, and the cost 
of overcoming them so great, that it is difficult to 
conceive how the first cost of construction could 
be repaid. Then, again, the traffic on this second 
part of the line, except the through traffic from 
Europe to India, would be inconsiderable, on ac- 
count of the nature of the districts traversed, and 
it is certain that the amount derived from the con- 
veyance of goods and passengers over the whole 
line from one end to the other, would be utterly 
inadequate for the support of the railway without 
the aid of considerable local traffic, much more 
than can reasonably be expected. Doubtless, as 
the trade and resources of the vast countries 
through which the route would lie became more 
developed, such local traffic would gradually 
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arise, but it would certainly be very long before 
anything like a return from such sources could 
be expected. 

So far as can be seen at present, therefore, it 
does not appear as if the project of M. de Lesseps 
offered any advantages, at least with regard to 
England, over the older scheme of a railway di- 
rect through Turkey, down the Euphrates valley, 
and along the coast line to Kurrachee and Bom- 
bay*, while it has, as compared with it, many se- 
rious drawbacks. Such a line would be more di- 
rect, shorter, and more easy of construction ; and, 
if it would not help the important question of 
pening up this vast district of Central Asia, it 
would, as a highway to the East, be more conve- 
nient and direct than the new route. 


SERIES of experiments were lately made at 
one of the Sheffield foundries with an im- 
proved steel car wheel, which gave most satisfac- 
tory results. In the construction of this wheel an 
ordinary rolled crucible of Bessemer steel, iron, or 
other tyre, is heated as hot as possible without 
burning, in a suitable furnace, and then deposited 
in a casting box, the nave being first placed in the 
centre and moulded thereto in the ordinary way. 
Molten crucible steel or iron is then poured there- 
in, whereby it becomes united together in one solid 
or hollow homogeneous weldless wheel, thus obtain- 
ing a combined wheel of great strength, elasticity 
and tenacity, free from the defects and liability to 
breakage of those in ordinary use; the wheel is 
afterward annealed, if required. 

For wheels of a similar construction to those at 
present in ordinary use upon railways, the tyre 
is first suitably heated and deposited in the cast- 
ing box, and then the nave placed in the centre. 
Pieces of crucible or Bessemer steel, or wrought 
iron, of the necessary thickness, cut into suitable 
lengths to form the arms or spokes, are arranged 
around, and retained in their position by moulding 
in the usual way. Molten steel, iron, or other 
metal, is then poured in until they become united 
into and form one solid homogeneous weldless 
steel or metal wheel. 

These wheels are said to be peculiarly free from 
jarring and concussion, as well as more econ- 
omical than ordinary wheels, and not so liable to 
sudden expansion or contraction; the absence of 
complicated tyre fastenings is also an advanta- 
geous feature. 





ENGINEERING STRUCTURES, 


HE MERSEY TUNNEL SCHEME.—This impor- 
tant engineering work is progressing slowly 
but surely, and in the course of time Liverpool 
and Birkenhead will be connected by other means 
than the penny steamboat. The progress of the 
work thus far may be thus described: A working 
shaft 36% ft. long and 8 ft. wide has been sunk to 
the required depth of the tunnel. This shaft 
passed through a portion of an old quarry, but its 
lower half is cut in new red sandstone of a very 
hard description. The depth of the shaft kee 
the crown of the heading, now being cut, about 
ft. below the Mersey high-water level. The for- 





* See Mr. Hyde Clarke’s paper on the subject in the “ Jour- 
nal” for Nov. 24, 1871. 





mation of the tunnel will allow of the junction be- 
ing effected with the Birkenhead and Chester 
Railway. Already over 200 ft. of the tunnel have 
been dug, two gangs of miners being constantly at 
work. The fresh water in the shaft accumulates 
at the rate of 5,000 gallons per hour; and when 
the sub-river tunnel is completed the drainage 
will be effected by a drift way, with a slight fall 
from the middle of the river to the shafts on eith- 
er side. The tunnel from the Birkenhead station 
to the shaft near the Ferry will contain two lines 
of rails, but under the river there are to be two 
single tunnels, with one line of rails in each. The 
advantage of this will be found in the better 
means of ventilation when the traffic in each tun- 
nel tends in the same direction, and further in the 
fact that there will be a greater space between the 
crown of the tunnel arch and the river’s bed than 
would otherwise be obtainable. Each of these 
tunnels will be a mile long, from shaft to shaft, 
and three-quarters of a mile actually under the 
river ; they will be 15 ft. high, and at an average 
depth of 30 ft. below the river’s bed. The great- 
est depth of the river is about 67 ft. at low water, 
and 95 ft. at high water, and at no point of the 
tunnel will there be less than 20 ft. of solid rock 
between it and the river’s bed. The engineers, 
Messrs. J. Brunlees and Mr. C. D. Fox, report no 
fault whatever in the projected course of the tun- 
nel under the river, the rocky bed of which is bare 
for two-thirds of the length, and covered with 
clay and sand on the Liverpool side. In order to 
prevent the percolation of river water, the tunnel 
will be lined with Staffordshire blue bricks set in 
Portland cement; and while the works are in pro- 
gress strong pumping power will be kept up on 
both sides of theriver. The gradients in the tun- 
nels will be about 1 in 40. Though the actual 
tunnelling under the river has not commenced, 
contracts are to be at once carried out by the Dia- 
mond Boring Machine Company, whereby a head- 
ing 9 ft. high by 9 ft. wide is to be driven under 
the river some 1,300 yards within the next twelve 
months ; and both sub-river tunnels are to be com- 
pleted and ready for traffic in about double that 
period. This boring apparatus is said to be exca- 
vating at least 16 yards per week under the lime- 
stone on Clifton Downs, Bristol, and the absence 
of faults in the sandstone under the Mersey 
presents a favorable opportunity for the machine 
being efficiently worked. 


ALTIMORE AND POTOMAC TUNNEL.—The Bal- 
timore “Sun” gives the following resumé of 
the present condition of the work : 

“The tunnel, running through a portion of the 
western section of the city, is upon the verge of 
completion. It was begun May, 1871, and the 
city ordinance giving the Balt. & Pot. R. Co. the 
right to construct the tunnel under the beds of 
certain streets requires the portion on those streets 
to be finished during the present month. This re- 
quirement will be complied with. The track- 
laying is now proceeding, about half a mile of the 
tunnel being already laid with double tracks of 
steel rails and stone ballasting. The tunziel is 
made with two open cuts, one of 200 feet and the 
other of 345 ft. Exclusive of the open cuts, the 
tunnel is 6,448 ft. long, and with the open cuts 
7,593 ft. It connects the B. & P. R. with the 
N. Cent. R. at North avenue bridge over Jones’ 
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Falls, the portal of the tunnel being at the western 
abutment of the bridge. It then follows the line 
of Wilson from Oliver to John street. The first 
open cut (between Oliver and John streets) will be 
kept open for ventilation and light. From John 
street the line follows Wilson street to Pennsyl- 
vania avenue, where it curves to the right into 
Winchester street. Here is the other open cut; 
it will be kept open for the reasons before stated, 
and also for a depot, which will be located here 
fronting on Pennsylvania avenue. Passengers 
will descend by stairs from the depot to the track. 
Thence the tunnel runs, still under the bed of 
Winchester to Gilmor street, where it ends, con- 
necting with its road running into the open coun- 
try. The distance between Bolton and John 
streets, about 1,100 feet, is tunnel proper; that is, 
it was carried through by drifts wholly under 
ground. ‘The other part of the tunnel was worked 
by making an open cut, then arching the tunnel, 
covering it over and restoring the grade of the 
street. The most serious difficulty arose from the 
streets being built up with houses on each side. To 
prevent the earth from caving in and causing the 
houses adjacent thereto to crack and settle, it was 
nevessary to make the sides of the cut vertical, and 
to support them with heavy timber. The tunnel 
is constructed so as to almost insure stability and 
safety. The masonry of the abutments all along 
the tunnel rests on solid rock, clean sand or gravel, 
with haunch backing stone all the way up the 
sides of the cut. Some springs were struck, but 
as the tunnel is enfirely down hill, the water has 
simply been turned and drained into the falls. 
The arch is turned with five rings of brick and 
well backed with rubble masonry. The side walls 
are of massive masonry, of Cockeysville marble, 
rock faced, but dressed at beds and joints. 

The cost of the tunnel, it is estimated, will be 
about $2,000,000. It is expected the cars will be 
running through about June 1. The West. Md. 
R. connects with the tunnel at Fulton avenue. 


5 ane (HOLLAND) BripcE.—An Inge- 
A nious Resource.- During the construction of 
the bridge at Kuilenborg, Holland, says the 
* Chroniqne del’Industrie,” one of the principal tra- 
verses, some 465 ft. in length, was placed about 


one inch too far on the piles) This error was 
revtified in a very ingenious manner. The ex- 
pansion of the mass of metal was exactly .0394 in. 
per Fahrenheit degree. At the locality of the 
work the difference between the temperature of 
the atmosphere by day and by night was 25 deg. 
Fahr. In the murning the too far advanced end 
of the traverse was securely bolted down, when 
during the day the heat of the sun expanded the 
metal so that the free extremity advanced .985 of 
aninch. Then at night the latter end was fast- 
ened and the contraction caused a like movement 
of the opposite free extremity. This operation, 
twice repeated, brought the traverse into its pro- 


per position. 
ORDNANCK AND NAVAL, 


EAK FOR SHIPBUILDING PuRPOSES.—-The al- 
most universal adoption of iron as a material 

for shipbuilding, and more especially the intro- 
duction of armor-plating, have had an enormous 
effect on the consumption of teak, on account of 








the peculiar properties which it possesses, and 
which render it so suited for employment in com- 
bination with this metal. Till within the last few 
years, almost the whole of the teak consumed in 
Europe came to us from Rangoon and Moulmein, 
in Burmah, in which country whole forests have 
been devastated without much regard to the fu- 
ture, in order to meet the ever-increasing demand. 

The threatened exhaustion of the Burmese for- 
ests has caused consumers to turn their eyes in 
other directions for a supply of this wood, and in 
a recent article in the “ Revue Maritime,” M. Ber- 
nier Fontaine, a naval engineer at Toulon, recom- 
mends importers to direct their attention to Siam, 
in which kingdom and its dependencies it appears 
that teak exists in great abundance; to such an 
extent, in fact, that the English in Burmah are 
becoming accustomed to organize expeditions for 
obtaining their supplies of the wood from the Si- 
amese forests. It is largely used in the country 
itself, being employed there for every kind of 
woodwork, and also to a great extent for ship- 
building purposes. The principal forests, M. 
Fontaine tells us, are situated on the chain of 
mountains separating the basins of the Saiweer 
and Mei-Nam, about 500 miles from Bangkok. 
They are the property of the Siamese Government, 
and before anyone can proceed to fell the trees in 
them, it is necessary to obtain a letter from the 
King of Siam, or one of the chief mandarins, to 
the governor of the province in which the forests 
are situated. The latter arranges in what dis- 
tricts the trees shall be felled, and the tax to be 
paid for the privilege. This is, in general, about 
4 rupees a tree, no matter what its size, in addi- 
tion to which there are the wages of the woodcut- 
ters, the cost of transporting the trees to the near- 
est watercourse, generally performed by ele- 
phants, the forming of the wood into rafts, and the 
floating of the rafts by the river®Mei-Nam to 
Bangkok. The journey from Bangkok to the for- 
ests is made in sailing vessels, during the dry sea- 
son (November to February), and usually takes 
about a month; but owing to the rapidity of the 
current at this period of the year, the return voy- 
age lasts only six or eight days. 

The trees, when cut, are generally from 30 ft. to 
35 ft. in length and 12 in. to18in.square. Having 
been lopped and barked in the forest, they are 
transported to the nearest affluent of the Mei-Nam, 
where they are formed into rafts consisting of sev- 
eral hundred trees, bound together by reeds. Ow- 
ing to the fact that these rafts can only descend 
the river at the end of the wet season, when the 
waters are at an abnormal height, two years gen- 
erally elapse between the time that the trees are 
marked for felling and their arrival at Bangkok. 
The first dry season is devoted to the choice of the 
trees and to felling and trimming them; the fol- 
lowing wet season to their conveyance to the dif- 
ferent watercourses, and the second dry season to 
the formation of the rafts. Arrived at Bangkok 
they are squared by hand by Siamese workmen, 
and the European merchants generally make their 
purchases at the native saw-mills, though they 
will sometimes buy the rafts entire. In this case, 
however, the only guarantee for the quality 
of the wood is the character of the sellers, 
who are not to be too much relied upon, and who . 
are exceedingly skilful in concealing the flaws to 
which teak is especially subject. 
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This important trade, it appears, was long a 
monopoly in the hands of the Chinese, but of late 
years the forests have been visited by Europeans, 
some of whom have undertaken the felling of 
trees on their own account. In both cases, how- 
ever, the woodcutters employed are the native in- 
habitants of the forest districts. 

But little of the Siamese teak reaches Europe, 
at least, by way of Bangkok, the greater portion 
going to Singapore, Hong Konk, and Bombay. 
The wood is said by M. Fontaine to be generally 
of very good quality and free from clefts or 
“shakes.” There are three varieties—black, yel- 
low, and white—supposed to depend upon the 
age at which the tree is felled: the first two are 
inostly to be preferred. It is estimated that the 
wood could be delivered in a port of the United 
Kingdorh at about £14 a load, and would fetch 
there £15 10s.; but should the trade once become 
fairly delivered, there is little doubt that the ex-~ 
penses of transport, etc., might be considerably re- 
duced.—Jron. 


N= GERMAN Monster Gun.—Our 35-ton 
gun, the much-talked of Woolwich infant, 
has been excelled by a new German monster 
gun, now exhibiting at Vienna, from the works 
of Herr Krupp. This new 12-in. gun fires a 
solid ball weighing 700 lbs. with a charge of 130 
Ibs. prismatic powder, the English gun propelling 
a projectile weighing only 600 lbs. In the exper- 
iments with the latter, according to the military 
correspondent of the “Cologne Gazette,” the results 
obtained were far from satisfactory ; 230 rounds 
fired from the German gun, five of them with the 
maximum charge, on the contrary, did not cause 
the slightest perceptible injury either to the bar- 
rel or to the carriage. The barrel of the gun is 
about 22 ft. in length, and weighs a little over 33 
tons. It has 72 parallel grooves, with a length of 
bore of about 19 ft. The carriage weighs a little 
over 19 tons, and the total weight of gun and car- 
riage reaches therefore nearly 53 tons. The steel 
shell fired from this gun with a charge of 132 Ibs. 
of powder, weighs a little over 650 lbs. Its initial 
velocity amounts to 1,590 ft. Loading is effected 
by means of a crane fixed on the barrel, and in a 
very short time. The projectile is calculated to 
make a clean hole through a 15-in. iron plate at a 
distance of 1,000 yards. 

Besides this monster gun the same firm exhibits 
at Vienna a mass of cast steel block weighing 105,- 
000 lbs., shaped into an octagonal form by means of 
the 50-ton steam hammer, and intended for a 14- 
in. gun (1,100 pounder), which latter will conse- 
quently exceed considerably the 50-ton gun pro- 
jected in England. 


NEW method of discharging fire-arms, dispens- 
ing with gun locks and all similar machinery, 
has been invented by an American Professor. He 
fits up a small galvanic battery within the handle 
of the gun or pistol, or employs alternatively a 


Leyden jar and rubber to generate a current of 
electricity, which, in either case, passes by a wire 
to the cartridge. An arrangement is added 
whereby, on pressing a pin with the finger, a 
spark enters the cartridge and fires the powder. 
It only remains for him to so far improve his im- 
proved gun as to propel a ball without the cum- 
brous intervention of gunpowder at all. 





BOOK NOTICES. 


penne. By Rost. M. Fereuson, Ph.D., 
4 ete. W. &R.Chambers. For sule by Van 
Nostrand. 

Next to their “ Chemistry” and “ Mathematical 
Tables,” Dr. Ferguson’s book on “ Electricity” is 
the best of that series of works by which the 
Messrs. Chambers affirmed their position as the 
greatest practical promoters of technical education 
in the kingdom—and we know no higher praise. 

The Science and Art Department of the Educa- 
tion Office rightly enough makes “ electricity and 
magnetism” a special subject ; and the educational 
interest in the matter is shown by the fact that 
this year the number of papers sent in to South 
Kensington has increased from 4,000 last year to 
more than 6,300 in last May That department, 
according to its prospectus, makes Dr. Ferguson’s 
work the sole text-book for examinations; and this 
fact is somewhat decisive as to the merits of his 
“ Electricity.” 

The author enjoys peculiar facilities for writing 
such a volume. His education in Germany, and 
his intimate acquaintance with Continental scien- 
tific literature, specially fit him for giving us—as 
he has done—a clear view of the most recent theo- 
ries and experiments which have established them- 
selves in connection with this particular depart- 
ment of science. Another advantage possessed by 
the author is, that he has for many years occupied 
one of the most distinguished positions as a teach- 
er of science in Edinburgh. 

The result is a perfect manual of practical and 
theoretical science, so far as any book can be s0, 
which aims at only being introductory to the ma- 
thematical study of the laws of electricity and 
magnetism. 


HE ELEMENTS OF Evciip: WITH MANY AD- 
DITIONAL PROPOSITIONS AND EXPLANATO- 
RY NOTES: TO WHICH IS PREFIXED AN INTRO- 
pucrory Essay on Logic. By Henry Law, C. 
E. London, 1873. For sale by Van Nostrand. 
Mr. Henry Law’s version of “ Euclid” forms one 
of the excellent educational works known as 
Weale’s Rudimentary Series. Many attempts— 
rendered necessary by the natural stupidity of 
the human race—have been made to produce a 
“ royal road to mathematics,” or “Euclid made 
Easy.” Mr. Law has struggled manfully with 
the difficulties that hedge in the subject which 
of all others imposes upon the student the often- 
talked-of but rarely performed operation known 
as “thinking.” To the learner who will really 
and honestly do his best to “think out” and un- 
derstand the subject that he is studying, no more 
delightful author than Euclid ever existed. But 
unhappily beings exist so singularly constituted 
that they are driven to learn the propositions of 
Euclid by rote, and the difficulty is how to deal 
with these peculiar creatures, who make mere 
memory perform the functions of reason. So far 
as explanation and illustration can be pushed, Mr. 
Law has done his best to smooth the road beset 
by torturing angles. In the second book we find 
that, in accordance with prevailing custom, al- 
gebraic demonstrations are appended to the pure- 
ly geometrical solutions of the Greek mathemati- 
cian. If the object be mainly to simplify the sub- 
ject, we see no reason why, in many of the pro- 
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positions—simple arithmetic should not be call- 
ed in to aid the teacher. We have tried this 
plan on pupils of peculiar density, with very 
fair success. A little care in the selection of 
the figures will bring out the result clearly 
enough. Of the advantage of the introductory 
essay on Logic, we venture to entertain some 
doubts, and question much whether the student 
who fails to apprehend the clearness of a geo- 
metrical demonstration will be materially assist- 
ed by a dissertation on the syllogism. A classi- 
fied index is an excellent addition to “ Euclid’s 
Elements,” and the extreme cheapness of the 
“Rudimentary Series’ cannot fail to recom- 
mend it to the public. 


REATISE ON THE STRENGTH OF BRIDGES AND 
Roors, WItH PRAcTICAL EXAMPLES FOR 
THE Use OF ENGINEERS AND STUDEN'’S. By 
SAMUEL H. Sureve, A. M., C. E. 1 volume, 
8vo., 346 pages. New York, published by D. Van 
Nostrand. 

Mr. Shreve has produced a book which is, per- 
haps, more satisfactory to the majority of practical 
engineers than any previous work upon the strains 
of tramed structures. He begins with the sim- 
plest principles of the subject, and by an inductive 
course of algebraic reasoning carries the reader 
through most of the different forms of built beams, 
giving the methods of computing the strains upon 
the several members, with examples worked out 
for illustration There is nothing in the whole 
work but can he readily understood by the ordi- 
nary professional reader, and nothing is taken for 
granted except the ordinary elementary principles 
of mechanics. 

He has adopted an almost entirely original meth- 
od of treating the subject, which possesses the 
great merit of being applicable to all forms of 
trusses. He is, indeed, the only writer who has 
pursued the same systematic course of reasoning 
through all the different forms of trusses of which 
he treats. Rankine’s method of sections, it is true, 
is applicable to every fourm of framing; but as 
given by the author and applied by Unwin and 
others it is somewhat complex and unintelligible, 
and is rarely understood by practical engineers, 
who have no time to waste in trying to study out 
what an author means. At the present day, in 
order to make a book valuable it must be inductive 
in its reasoning and as simple and concise in its 
mathematics as the subject will admit of. Very 
beautiful demonstrations in the higher mathe- 
matics are oftentimes wasted, because those who 
can comprehend them are generally too much 
occupied to devote themselves to such reading. It 
also very often happens that the most elaborate 
trains of reasoning by the calculus and higher 
mathematics are made upon insufficient premises 
and erroneous assumptions, which lead to inaccu- 
rate results not readily pereeptible to the general 
reader. 

This is particularly the case with those authors 
who reason analytically upon the strains to which 
a beam is subjected when loaded, and deduce 
therefrom curves of strains representing the forces 
acting upon the different members of a truss. 

The method adopted by Mr. Shreve of regarding 
the strains upon the several members of a truss as 
a mechanical problem in which the actual existing 
forces under certain conditions are to be consider- 





ed, is undoubtedly the best. It is the one gener- 
ally preferred by English and American engineers, 
and is theoretically the most correct. 

Not the least of the advantages of Mr. Shreve’s 
book is the admirable manner in which his mean- 
ing is expressed, and the simple nomenclature 
adopted. He is always so clear as never to leave 
the reader in doubt, and avoids the use of such 
meaningless terms as “ shearing strain” or “‘shear- 
ing force,” for the diagonally transmitted force 
along the truss, which has become so common 
among English writers, That it is not a shearing 
force is very easily shown. 

On the whole, Mr. Shreve has produced a book 
which is the simplest, clearest, and at the same time 
the most systematic and with the best mathemati- 
cal reasoning of any work upon the same subject 
in the language. 

Among the refinements of the subject introduced 
by Mr. Shreve is the consideration of the counter- 
strain produced by the partial loading of the next 
panel whenever one panel becomes fully loaded by 
a progressive load. Although this and likewise 
the stiffness of the cords and rigidity of the joints 
of a truss have the effect todiminish the maximum 
computed strain upon any one brace from a roll- 
ing load, they will rarely be taken into considera- 
tion by the practical designer of bridges; as the 
differences are un the safe side, are somewhat in- 
determinate, and are generally within the differ- 
ence of opinion regarding the value of the factor 
ot safety and the probable strength of the materi- 
als used. It is well, however, in an elementary 
work to discuss all of the above-named points, and 
ascertain their ordinary effects upon the strength 
of the structure. 

It is to be sincerely hoped that Mr. Shreve will 
give us another volume treating upon the forms of 
framing which he has omitted, and the practical 
considerations which should govern the propor- 
tions and construction of bridges and roofs—such 
as the best systems of riveting and joining plates, 
the best form and proportions for links and pins, 
and, in fact, all such details as are usually acquir- 
ed by practice and experience in the engineering 
profession.— Railroad Gazette. 


REPORT 
C. SEL- 
Dawson 


SuRVEY OF CANADA. 
By ALFRED R. 
Montreal : 


anaes. 

OF PROGREss. 
wrn, F. G. S., Director. 
Brothers. 

An important addition to our knowledge of the 
geology of the continent is afforded by the present 
report. 

The separate reports which form the present 
volume are: The report on British Columbia— 
On the Coal Fields of Vancouver Island—on the 
country between Lake Superior and the Albany 
River—On the country between Lake St. John 
and Lake Mistassini—On the counties of Leeds, 
Frontenac and Lanark, and on the gold of Mar- 
mora—On investigations in New Brunswick and 
on Mining and Mineral Statistics. 


HE GEOLOGY oF THE SrTars. By Prof. A. 
WINCHELL. Boston: Estes & Lauriat. For 
sale by Van Nostrand. 

This little essay forms No. 7of “Half Hour 
Recreations in Science.” The author is well 
known to the scientific world, and his name isa 
sufficient guaranty that the speculations in re- 





190 VAN NOSTRAND’S ENGINEERING MAGAZINE. 





gard to the structure of far-off worlds are at least 
rational when viewed in the light of recent dis- 
coveries. The young reader may feel assured 
that he is in safe hands. No pleasanter way of 
summing up for the general reader the late astro- 
nomical discoveries could be devised, than by 
showing the bearing of such advanced knowledge 
on the theories which are constructed and render- 
ed tenable by these discoveries; and no one of our 
scientists is so capable of thus presenting modern 
science as Prof. Winchell. 


gee ENGINEERING. A Guide to the Con- 

struction of Works of Sewerage and House 
Drainage. By BALDWIN LatrHaM, C. E. London. 
For sale by Van Nostrand. 

The title of this book sufficiently explains the 
author’s plan and what it properly includes. It 
is sufficient therefore to say that the book seems 
complete in all respects. 

Engineers have heretofore in designing such 
works relied chiefly upon the plans and formulas 
collated for brief reports of works yet in progress, 
and while some of the methods were to a certain 
extent yet untried, a book setting forth successful 
plans has long been a desirable addition to techni- 
cal literature. The present work seems all that 
could be asked for. The illustrations are excel- 
lent and very numerous. 


CoMPENDIOUS MANUAL OF QUALITATIVE 

CHEMICAL ANALYsIs. By CHARLES W. 
Exior and FRANK H. STORER. Revised with 
the co-operation of the authors. By WM. RieLey 
NicuHo.s, Professor of General Chemistry in 
the Massachusetts Institute of Technology. New 
York: D. Van Nostrand. 

The simplicity and efficiency of the system of 
qualitative analysis so carefully described by Frese- 
nius, has led to his manual being made the basis 
of all the best text-books on the subject which 
have since been published, and it would be diffi- 
cult to say anything in higher commendation of a 
work of this class than that in it Fresenius is 
closely followed, whilst the instruction is given in 
language readily intelligible to the English 
student. With the advantage of a good memory, 
and a thoroughly competent teacher, the bare 
tables we were accustomed to some seventy years 
ago, as “Giessen Outlines of Analysis,” would 
probably be ample, but it is indisputable that 
there are many students who, unless the text- 
book run very closely to the explanations given 
by the Professor, make comparatively little pro- 
gress; and that facility to refresh one’s memory as 
to the statements heard in the lecture-room is 
advantageous to all. The compendium of Messrs. 
Eliot and Storer, the new edition of which, by 
Prof. Wm. Ripley Nichols, is designed to form 
an introduction to text-books of this class, is 
certainly one of the most lucidly arranged that 
has been issued. Being intended more especially 
for the general student, reference to comparative- 
ly unknown substances—elements which occur so 
rarely, and even then in such minute quantities 
that unless for purely scientific investigation they 
would be neglected by the professional analyst— 
is very properly omitted, for such omissions do not 
lessen the value of the work, and, at the same 
time, permit of its bemg much simplified. 





In the volume under consideration there is 
given so complete an outline of inorganic analysis 
that few except professional chemists will require 
to know more than can be taught with the com- 
pendium alone asa text-book, whilst to the student 
proposing to devote himself chiefly to chemistry 
it will prove a very valuable collection of facts 
necessary to be remembered, and around which 
the more minute details can be readily grouped 
without needlessly overburdening the memory. 
It is, of course, assumed that the student will 
have already some knowledge of general chemistry 
when he commences the study of qualitative anal- 
ysis, and the first chapter is, therefore, appro- 
priated to an example of the separation of two 
elements and to the explanation of the principle 
upon which the twenty-four metallic elements 
most commonly met with are divided into seven 
classes. A separate chapter is then devoted to 
each class, so that the chlorides insoluble in water 
and acids , lead, silver, mercury) stand alone; then 
come in succession the sulphides insoluble in 
water, dilute acids, and alkalies; the sulphides 
which differ from these in being soluble in alka- 
line solutions; the hydrates insoluble in water, 
ammonia water, and solutions of ammonium salts; 
the sulphides insoluble in water, and in saline or 
alkaline solutions; the carbonates insoluble in 
water, ammonia water, and saline solutions; and 
the three metullic elements (magnesium, sodium, 
and potassium) which remain in solution after the 
application of all these tests. These are followed 
by others on the general and special tests respec- 
tively for the non-metallic elements. The sound 

of the volume, divided into three chapters, 
describes the treatment of substances of unknown 
composition ; whilst, by way of appendix, there is 
a careful statement of the re-agents and apparatus 
used in the course. 

From what has already been said, it will be un- 
derstood that in books of this description the su- 
periority or otherwise must be judged of by look- 
ing at details, and in these the compendium has 
much to recommend it, as an example of which is 
the hint with reference to the labelling of solu- 
tions put aside for subsequent treatment. When 
a filtrate has been obtained the direction is given 
“ Label this filtrate,” etc., and to this the invalua- 
ble note is appended, that the student should at 
once make it a rule to label every filtrate or pre- 
cipitate which he has occasion to set aside even for 
afew moments. A bit of paper large enough to 
carry a descriptive symbol or abbreviation should 
be attached to the vessel which contains the liquid 
or precipitate. Paper gummed on the back, or the 
small labels which are sold already gummed, are 
convenient for this use. This habit once acquired 
will enable the student to carry on simultaneously 
without error or confusion several operations. He 
may be throwing down one precipitate, washing 
another, filtering a third, and dissolving a fourth 
at the same time, and the four processes may be- 
long to as many different stages of the analysis. 
There will be no danger of error if labels are 
faithfully used, and a great deal of time will be 
saved. The unaided memory is incapable of de- 
ing such work with that full certainty admitting 
of no suspicion or after qualms of doubt, which is 
alone satisfying, or indeed admissible, in scientific 
research. Hints of this character occur in various 
parts of the book; and the tabular views of the 





aya, 


te ima, tn dni tiprm wt mm i 2 See aS 


MISCELLANEOUS. 


191 





determinative tests (of the character of those used 
in Normandy’slarge works’, will ad to the facility 
with which the book can be used. 

The fact of the volume having already passed 
through several large editions is of itself a guaran- 
tee that it is not wanting in utility or in reliabil- 
ity, and although the information given is neces- 
sarily similar to that met with in other works of 
the kind, the manner in which it is given is well 
calculated to impress the facts which have to be 
remembered upon the attention of the learner, 
whilst the limits and suggestions, which are so 
complete as to extend even to the explanation of 
the best methods of removing a bottle-stopper, 
cleaning a mortar, and so on, cannot fail to make 
the student who has the book for his guide a clean 
and ready manipulator, and one that can at all 
times rely upon results which will be creditable to 
himself and satisfactory to those for whom the 
analysis is made.—London Mining Journal. 
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HE MorTAR OF THE GREAT PyRAMID.—.At 
the last meeting of the Chemical Section of 
the Philosophical Society of Glasgow, the Presi- 
dent, Dr. Wallace, F. R. 8. E., read a paper in 
which he gave a number of interesting details re- 
garding the mortar employed in building the 
Great Pyramid, and incidentally referred to the 
composition of some mortars that he analyzed 
a few years ago, including two from the interior 
and exterior of the Great Pyramid, two speci- 
mens of very ancient Phoenician mortar from the 
Island of Cyprus, two from ruins at Athens, and 
from Rome and other places in Italy. It was most 
interesting to observe the remarkable differences 
between the mortars of the various ancient peo- 
ples. By going to Baalbec and other ruined cit- 
ies of Turkey in Asia, buildings might be found 
constructed of immense blocks of stone jointed 
with such excessive nicety that even the blade of 
a penknife could not be pushed between them, 
but without a vestige of mortar. In the struc- 
tures of the ancient Exyptians, on the other hand, 
taking the Great Pyramid as an example, mortar 
was freely employed, but consisting almost entire- 
ly of gypsum or sulphate of lime. A specimen 
was examined from an ancient Pheenician tem- 
ple, the highest stone of which was, a few years 
ago, 5 ft. below the level of the ground at the 
time the specimen was taken. It was something 
like that found in some of the baronial castles in 
this country, and was like a piece of solid rock. 
The gentlemin who brought it home supposed it to 
be the very oldest mortar in existence. If it were, 
so, Dr. Wallace said that it was most remarkable, 
inasmuch as it was as perfect in constitution as it 
could possibly be, having been made, evidently, of 
burnt lime, fine sand, coarse sand, and gravel. It 
might be called concrete, rather than mortar. At 
any rate, one thing was certain—namely, that the 
lime in it had become completely carbonated ; and 
another specimen of the same age exhibited the 
same phenomenon, thus satisfactorily settling a 
point which was long in dispute. 
The ancient Greek mortars from ruins in the 
vicinity of Athens were also very perfect, but con- 
tained more lime than that from Cyprus, and no 





gravel. The mortars from various ruined build- 
ings in Herculaneum, Rome and its neighborhood, 
appeared to have been made from burnt lime and 
puzzuolana, or what is called by geologists vol- 
canic ash. Dr. Wallace stated that he had had 
some correspondence with Professor Piazzi Smyth 
regarding the mortar of the Great Pyramid, some 
portion of which he read, and he gave the follow- 
ing analysis of a specimen which he had recently 
examined : 


Hydrated sulphate of lime. 

Carbonate of lime 

Carbonate of magnesia 

Alumina and traces of oxide of iron... 
Silicon 


The following are analyses of two specimens 
examined a few years ago: 


Hydrated sulphate of lime.. 
Carbonate of lime 

Carbonate of magnesia 
Oxide of iron 

PR sain vended.cae once 
Ns cx caabenencvescecce 
Water (hygroscopic) 


81.50 .. 82.85 
4... 8 
59 . 
ae 2s 2 
241... 8 
5.30 .. 4.30 


. 100.99 


In reply to a question, Dr. Wallace stated that 
he believed the sulphate of lime, which is abun- 
dant near the Pyramids, had been partly calcined 
to drive off the water of hydration in the mineral 
before being used in making the mortar. There 
was very little cohesiveness in the samples ex- 


hibited. 


construction of the harbor of Trieste is ob- 
tained from the quarries of Sistiana, near that 
port. A million cubic metres of stone are required 
in five and a half years, and for such colossal blast- 
ings powder chambers are cut in the rock, which 
may be distant from its face one-half to two-thirds 
of the distance or depth from the upper surface, 
and which are large enough to contain one-third 
to one-half as many kilogrammes of powder as the 
quantity of rock to be blasted contains cubic me- 
tres; 800 kilog. of powder are considered necessary 
for one cubic metre of bulk. But in order to form 
such a chamber a shaft has to be driven near the 
point where it is to be formed; and thence, a shaft 
two metres long is sunk downwards, and the pow- 
der chamber formed at its lowest point. In this 
manner forty-six large mines, with charges of 
from 2,000 to 30,000 kilog., have been blasted in 
the quarries of Sistiana from the beginning of 
1868. The average result was 2.02 cubic metres 
of useful material for every kilogramme of powder. 
It must, however, be noticed that the rock, a gray- 
ish white limestone, frequently and unexpectedly 
reveals great cavities, which greatly lessen the 
effect, and that considerable quantities of powder 
are requisite for reducing large masses of rock, 
when the principal mine was not sufficiently 
charged. For reducing large blocks, holes were 
bored by caustic holding as much as 300 kilog. 
For such blastings a hole is made in the usual way, 
with stone-borers 3 to 6 centim. wide, and 4 to 10 
metres long; oil of vitriol is then continuously 
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introduced by means of hemp descending to the 
bottom of the hole, whereby the stone is dissolved. 
The hemp is in a small tube, which is enclosed in 
a lurger one, through which the carbonic acid 
formed at the bottom of the hole flows back into 
the vessel whence the sulphuric acid descends. It 
is calculated that 100 kilog. of hydrochloric acid 
of 1.2 specific gravity and 40 per cent. of hydro- 
chloric acid, in 18 hours make a hole large enough 
for from 10 to 12 kilogrammes of powder. 


— VALVE AREAS.—The Board of Trade 
rule for area of safety valves allows one-half 
square inch for each square toot of grate surface 
with natural draught. The French law requires 
22.5 
P a d.U2» 
inches per square foot of grate, and P =the pres- 
sure as indicated by steam gauge. This is also 
adopted and recommended by the Committee of 
the Franklin Institute. The United States regu- 
lations, as applied to steam vessels, require twenty 
square inches area for each 5U0 sq. ft. of effective 
H eff.) 


heating surface, or A ——. 


an area of A = where A = area in square 


AX English exchange publishes an account of a 
new artiticial stone, now generally used in the 
Khine country. The principal material for them 
is natura! and artificial pumice-stone, viz., granu- 
lated blast furnace slays, mixed with ordinary 
slacked lime or hydraulic cement. The natural 
pumice-stone is the last product of the now extinct 
volcanoes of the Khine in the environs of Coblenz, 
where enormous deposits of volcanic ashes are 
found a few feet below the surface, covering an 
elliptic area of about 36 English miles long and 20 
miles wide. This bed of pumice stretches from 
Mayen to Westerburg, in Nussau; and from Bop- 
pard to Brohl it is intersected by the Rhine; it is 
known by the local name “ Enger-sandstone,”’ and 
is composed of thin horizontal stratifications of 
small pieces of pumice, varying in aggregate 
thickness from 2 ft. or 3 ft., to 20 ft. and 30 ft. ; 
it is thickest in the busin of Neuwied, around 
the town of that name. In the iron district of 
Siegen, where the natural pumice is not found, 
granulated blast furnace slag or cinder is used 
instead. Here an uninterrupted stream of slag 
is run in a rapidly flowing stream of cold water, 
which carries the spongy bits of floating slag 
into a settling pit, whence they are shovelled out 
ready for use. The granulating of blast furnace 
cinder has of late become a very profitable under- 
taking, as it rids the works at once from a cum- 
brous burden and provides a considerable income 
besides. The manufacture of artificial stone from 
both materials, pumice and granulated slag, is the 
same, and very simple. Over a heap containing 6 
to 8 cubic ft. of stuff, thin slacked lime is thrown 
with a shovel and mixed with it, until, pressed in 
the hand, it sticks loosely together. It is then 
filled in a cast-iron mould of the size of the brick, 
which is open at top and bottom, and restson atable 
upon a piece of a thin deal board. By means of 
a kind of ladle and a flat hammer the mixture is 
rammed hard, until the mould is evenly filled; 
the moulder then lays a rectangular piece of sheet 
iron which is a little smaller than the brick, upon 
it, and by pressing both thumbs downwards at the 





same time, he disengages the brick, which remains 
upon the deal board, and is deposited with it upon 
a drying shelf. The mass, at first, but little 
coherent, becomes, after a fortnight, exceedingly 
hard, and will stand a considerable load before 
breaking np. Instead of common lime, hydraulic 
cement is used in exactly the same way, with the 
advange, however, that the bricks are ready for 
use almost immediately after their manufacture. 
For making pipes, chimney-pipes, troughs, and 
other objects, hydraulic cement is used exclusively, 
as it hardens much quicker, and gives a greater 
resistance to them. An exellent natural cement, 
the so-called “ Trass,” a kind of volcano tufa, is 
found at Brohl, close to the deposit of pumice, and 
is largely employed in the manufacture, as well 
as Rhenish Portland cement. 

The London Society of Engineers have been 
investigating the merits of another kind of artifi- 
cial stone, composed of sand, boulders and chemi- 
cals. The sand is dried by the application of heat 
to a piston or shaft, through which the sand 
percolates at the rate of one ton per hour; this 
drying of the sand at starting being necessary, in 
order to ascertain exactly the amount of effective 
force of the mixtureemployed. The boulders are 
ebtained from the sea-beach and plunged into 
huge boilers, or digesters, filled with a solution 
of caustic soda, which, operated on by heat, gradu- 
ally reduce the hard stones to a liquor resembling 
in consistency and color stationer’s gum. It is 
said to contain 66 per cent. of silicate and 33 per 
cent. of soda. To get rid of the soluble properties 
of this liquid, and at the same time retain its 
cohesive properties, it is compounded with chlo- 
ride of calcium, and being thus made cohesive and 
insoluble, it is poured into a mixing mill, along 
with sand, and presently sparkles with crystals. 
Tranferred to moulds, it is made to assume any 
pattern or form desired, and is then carefully 
placed in a bath,where its becoming hard isa 
question of only a few moments, and the results 
entirely of chemical affinity. The hardness of the 
composition was shown by the application of a 
hammer to a four-inch cube, which had been ex- 
pased to the atmosphere for three months, and 
which stood a pressure of 63 tons before it broke. 


PPER MissIssIPPI IMPROVEMENTS.—-The “ Gate 
City” says that Maj. F. W. Farquhar has 
in charge the work in Minnesota river ; survey of 
Red river from Morehead to Pembina; preserva- 
tion of the Fulls of St. Anthony ; survey of the 
Galena river 12 miles; work at Duluth harbor 
and the Meeker’s Island lock and dam; the terri- 
tory having recently been made a new district. 
Col. Macomb has still charge of the Des Moines 
Rapids at Keokuk, Rock Island Rapids, and the 
Illinois river improvement. Major Amos Stickney 
has local charge of the improvement at K., and is 
a most efficient officer. 


eas BRAKES IN BELGIuM.—Two of the 
Belgian Railway Companies have placed ex- 
perimental trains at the disposal of inventors of 
brakes, which are considered to present advan- 

The Great Central Belgian is about to try 
the well-known and widely-tried Westinghouse 
air-brake, and the Great Luxemburg Railway will, 
we believe, follow their example. 





